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[57] ABSTRACT 

A method for cleaning a deposition chamber that is used in 
fabricating electronic devices including the steps of deliv- 
ering a precursor gas into a remote chamber that is outside 
of the deposition chamber, activating the precursor gas in the 
remote chamber via a high power source to form a reactive 
species, flowing the reactive species from the remote cham- 
ber into the deposition chamber, and using the reactive 
species that is flowed into the deposition chamber from the 
remote chamber to clean the inside of the deposition cham- 
ber. 

21 Claims, 2 Drawing Sheets 
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DEPOSITION CHAMBER CLEANING 
TECHNIQUE USING A HIGH POWER 
REMOTE EXCITATION SOURCE 

BACKGROUND OF THE INVENTION 

Plasma assisted chemical reactions have been widely used 
in the semiconductor and flat panel display industries. One 
example is plasma-enhanced chemical vapor deposition 
(PECVD). which is a process that is used in the manufacture 
of thin film transistors (TFT) for active-matrix liquid crystal 
displays (AMLCDs). In accordance with PECVD. a sub- 
strate is placed in a vacuum deposition chamber that is 
equipped with a pair of parallel plate electrodes. One of the 
electrodes, e.g. the lower electrode, generally referred to as 
a susceptor. holds the substrate. The other electrode, i.e.. the 
upper electrode, functions as a gas inlet manifold or shower 
head. During deposition, a reactant gas flow into the cham- 
ber through the upper electrode and a radio frequency (RF) 
voltage is applied between the electrodes to produce a 
plasma within the reactant gas. The plasma causes the 
reactant gas to decompose and deposit a layer of material 
onto the surface of the substrate. 

Though such systems are designed to preferentially 
deposit the material onto the surface of the substrate, they 
also deposit some material onto other interior surfaces 
within the chamber. Consequently, after repeated use. these 
systems must be cleaned to remove the deposited layer of 
material that has built up in the chamber. To clean the 
chamber and the exposed components within the chamber, 
an in-situ dry cleaning process is commonly used. Accord- 
ing to the in-situ technique, precursor gases are supplied to 
the chamber. Then, by locally applying a glow discharge 
plasma to the precursor gases within the chamber, reactive 
species are generated. The reactive species clean the cham- 
ber surfaces by forming volatile compounds with the process 
deposit on those surfaces. 

This in-situ cleaning technique has several disadvantages. 
First, it is inefficient to use a plasma within the chamber to 
generate the reactive species. Thus, it is necessary to use 
relatively high powers to achieve an acceptable cleaning 
rate. The high power levels, however, tend to produce 
damage to the hardware inside of the chamber thereby 
significantly shortening its useful life. Since the replacement 
of the damaged hardware can be quite costly, this can 
significantly increase the per substrate cost of product that is 
processed using the deposition system. In the current, highly 
competitive semiconductor fabrication industry where per 
substrate costs are critical to the cost conscious purchasers, 
the increased operating costs resulting from having to peri- 
odically replace parts that are damaged during the cleaning 
process is very undesirable. 

Another problem with the conventional in-situ dry clean- 
ing processes is that the high power levels required to 
achieve acceptable cleaning rates also tend to generate 
residues or byproducts that can damage other system com- 
ponents or which cannot be removed except by physically 
wiping off the internal surfaces of the chamber. As an 
example, in a deposition system in which the chamber or the 
process kit components (e.g. heater, shower head, clamping 
rings, etc.) are made of aluminum, an NF 3 plasma is often 
used to clean the interior surfaces. During the cleaning 
process, a certain amount of AIJF^. is formed. The amount 
that is formed is greatly increased by the ion bombardment 
that results from the high plasma energy levels. Thus, a 
considerable amount of Al x F y can be formed in the system. 
Unfortunately, this material cannot be etched away by any 
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known chemical process, so it must be removed by physi- 
cally wiping the surfaces. 

One solution is to excite the plasma in a remote chamber. 
In this method, a remote excitation source is used outside of 
5 the process chamber to generate a reactive species. This 
species is supplied to the process chamber to assist in 
carrying out a particular process, e.g. dry cleaning the 
chamber. 

This method has several drawbacks. First, the value of the 

10 applied plasma power used in such systems (typically 
500-1500 watts) does not achieve complete breakdown of 
the feed gas. typically NF 3 . The feed gas which is not broken 
down by the plasma may have adverse environmental 
impacts when the same is pumped out of the system. 

15 Purchasers often prefer products whose impact on the envi- 
ronment is either negligible or helpful. 

Second, the value of the applied pressure used in such 
systems is generally low. The effect of this is that the plasma 

m is less localized. An undesirable result of the lack of local- 
ization is that certain components in and near the remote 
excitation chamber may become burned by the hot plasma. 
For example, this may occur near the neck of the tube 
connecting the remote chamber to the deposition chamber. 

25 particularly on the side of the tube near the remote chamber. 
Third, the initiation of a plasma with a microwave energy 
having the value of power used in such systems (typically 
500-1500 watts) typically requires a complicated automatic 
tuning procedure because such plasmas are not stable oth- 

x erwise. That is. such plasmas will extinguish without auto- 
matic tuning. 

SUMMARY OF THE INVENTION 
In one aspect, the invention concerns a method for clean- 

35 ing a deposition chamber that is used in fabricating elec- 
tronic devices. Steps in the method include delivering a 
precursor gas into a remote chamber that is outside of the 
deposition chamber and activating the precursor gas in the 
remote chamber to form a reactive species using a power of 

40 from about 3.000 Watts to about 12.000 Watts. Other steps 
include flowing the reactive species from the remote cham- 
ber into the deposition chamber and using the reactive 
species that is flowed into the deposition chamber from the 
remote chamber to clean the inside of the deposition cham- 

45 ber. 

Implementations of the method include the following. 
The step of activating the precursor gas is performed by 
using a remote activation source. The precursor gas is 
selected from the group of gases consisting of all halogens 

so and gaseous compounds thereof, and may be selected from 
the group of gases consisting of chlorine, fluorine, and 
gaseous compounds thereof. The remote activation source is 
a microwave energy source. The method may further include 
flowing a carrier gas into the remote activation chamber. 

55 where the carrier gas is selected from the group of gases 
consisting of nitrogen, argon, helium, hydrogen, and oxy- 
gen. 

In another aspect, the invention is directed to a method of 
cleaning a process chamber. Steps of the method include 

60 delivering a precursor gas into a remote chamber that is 
outside of the process chamber so that there is a pressure 
differential between the remote chamber and the process 
chamber and activating the precursor gas in the remote 
chamber to form a reactive species using a power of from 

65 about 3.000 Watts to about 12.000 Watts. Other steps include 
flowing the reactive species from the remote chamber into 
the process chamber. 



Implementations of the invention include the following. A 
step may be included of using a local activation source to 
further excite the reactive species that has been flowed into 
the process chamber from the remote chamber, and using the 
reactive species that has been further excited by the local 5 
activation source to perform the cleaning process in the 
process chamber. The pressure differential is at least about 
4.5 Torr. and the pressure in the remote chamber is at least 
about 15 Torr. 

In another aspect, the invention is directed to a deposition 10 
apparatus that can be connected to a source of precursor gas 
for cleaning. The apparatus includes a deposition chamber, 
a remote chamber that is outside of the deposition chamber, 
an high power activation source adapted to deliver energy of 
a high power into the remote chamber, a first conduit for 13 
flowing a precursor gas from a remote gas supply into the 
remote chamber where it is activated by the activation 
source to form a reactive species, and a second conduit for 
flowing the reactive species from the remote chamber into 
the deposition chamber. 20 

Implementations of the invention include the following. 
The apparatus may include a valve and flow control mecha- 
nism which controls the flow of precursor gas into the 
remote chamber, and a valve and flow control mechanism 
which controls the flow of a carrier gas that is different from 25 
the precursor gas into the remote chamber. 

In a further aspect, the invention is directed to a method 
for cleaning a deposition chamber that is used in fabricating 
electronic devices. Steps of the method include delivering a M 
precursor gas into a remote chamber that is outside of the 
deposition chamber and activating the precursor gas in the 
remote chamber to form a reactive species using a power of 
from about 12.000 Watts per liter to about 48,000 Warts per 
liter of remote chamber volume. Other steps include flowing 3 5 
the reactive species from the remote chamber into the 
deposition chamber and using the reactive species that is 
flowed into the deposition chamber from the remote cham- 
ber to clean the inside of the deposition chamber. 

In a further aspect, the invention is directed to a method 40 
for cleaning a deposition chamber that is used in fabricating 
electronic devices. The method includes steps of delivering 
a precursor gas into a remote chamber that is outside of the 
deposition chamber and activating the precursor gas in the 
remote chamber to form a reactive species using a power of 45 
from about 3.000 Watts to about 12.000 Watts using a fixed 
tuning high power plasma source. Other steps include flow- 
ing the reactive species from the remote chamber into the 
deposition chamber, and using the reactive species that is 
flowed into the deposition chamber from the remote cham- 50 
ber to clean the inside of the deposition chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a high power PECVD 
system which embodies the invention. 55 

FIG. 2 shows a graph of a percentage amount of cleaning 
gas breakdown versus applied power. 



In the described embodiment, we used a model AKT- 1600 
PECVD System manufactured by Applied Komatsu 
Technology, modified as described herein. The AKT- 1600 
PECVD is designed for use in the production of active- 65 
matrix liquid crystal displays (AMLCDs). It is a modular 
system with multiple process chambers which can be used 



for depositing amorphous silicon, silicon nitride, silicon 
oxide and oxynitride films. The invention, however, may be 
used with any commercially available deposition system. 

Referring to FIG. 1. the PECVD system modified in 
accordance with invention includes a deposition chamber 10 
inside of which is a gas inlet manifold (or shower head) 12 
for introducing deposition gases and a susceptor 14 for 
holding a substrate 16 onto which material is to be depos- 
ited. Inlet manifold 12 and susceptor 14, which are both in 
the form of parallel plates, also function as upper and lower 
electrodes, respectively. The lower electrode and the cham- 
ber body are connected to ground. An RF generator 38 
supplies RF power to the upper electrode through a match- 
ing network 40. RF generator 38 is used to generate a plasma 
between the upper and lower electrodes. 

Susceptor 14 includes a resistive heater 18 for heating the 
substrate during deposition. An external heater control mod- 
ule 20 powers the heaters to achieve and maintain the 
susceptor at an appropriate temperature level as dictated by 
the process being run in the system. 

Outside of chamber 10. there is a gas supply 32 containing 
the gases mat are used during deposition. The particular 
gases that are used depend upon the materials are to be 
deposited onto the substrate. The process gases flow through 
an inlet port into the gas manifold and then into the chamber 
through the shower head. An electronically operated valve 
and flow control mechanism 34 controls the flow of gases 
from the gas supply into the chamber. Also connected to the 
chamber through an outlet port is a vacuum pump 36. which 
is used to evacuate the chamber. 

In accordance with the invention, a second gas supply 
system is also connected to the chamber through inlet port 
33. The second gas supply system supplies gas that is used 
to clean the inside of the chamber after a sequence of 
deposition runs. By cleaning, we mean removing deposited 
material from the interior surfaces of the chamber. One may 
also combine the first and second gas supplies if the gases 
are such that mixing is desired. 

The second gas supply system includes a source of a 
precursor gas 44. a remote activation chamber 46 which is 
located outside and at a distance from the deposition 
chamber, a power source 48 for activating the precursor gas 
within the remote activation chamber, an electronically 
operated valve and flow control mechanism 50 and a conduit 
or pipe 57 connecting the remote chamber to the deposition 
chamber. 

A flow restrictor 59 is employed in pipe 57. Flow restric- 
tor 59 may be placed anywhere in the path between remote 
chamber 46 and deposition chamber 10. Such a flow restric- 
tor allows a pressure differential to be present between 
remote chamber 46 and deposition chamber 10. 

The valve and flow control mechanism 50 delivers gas 
from the source of precursor gas 44 into the remote activa- 
tion chamber 46 at a user-selected flow rate. The power 
source 48 activates the precursor gas to form a reactive 
species which is then flowed through the conduit 57 into the 
deposition chamber via inlet port 33. In other words, the 
upper electrode or shower head 12 is used to deliver the 
reactive gas into the deposition chamber. In the described 
embodiment, the remote chamber is a sapphire tube and the 
power source is 2.54 GHz microwave energy with its output 
aimed at the sapphire tube. 

Optionally, there may also be a source of a minor carrier 
gas 52 that is connected to the remote activation chamber 
through another valve and flow control mechanism 53. The 
minor carrier gas aids in the transport of the activated 
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species to the deposition chamber. It can be any appropriate 
nonreactive gas that is compatible with the particular clean- 
ing process with which it is being used. For example, the 
minor carrier gas may be argon, nitrogen, helium, hydrogen, 
or oxygen, etc. In addition to aiding in the transport of 
activated species to the deposition chamber, the carrier gas 
may also assist in the cleaning process or help initiate and/or 
stabilize the plasma in the deposition chamber. 

In the described embodiment, the precursor gas is NF,. 
The flow rate of activated species is about 2 liters per minute 
and the process chamber pressure is about 0.5 Torr. To 
activate the precursor gas. the microwave source delivers 
about 3.000-12.000 Watts to the remote activation chamber. 
A value of 5.000 Watts may be used for many applications. 

The remote activation chamber is held at a pressure which 
is as high as feasible. In other words, the pressure differential 
between the remote chamber and the deposition chamber 
may be made as large as possible and may be at least, e.g.. 
4.5 Torr. The pressure in the remote chamber may be higher, 
for example, about 5 Torr to about 20 Torr. and in particular 
may be about 15 Torr. The pressure in the deposition 
chamber may be. for example, about 0. 1 Torr to about 2 Torr. 
and in particular about 0.5 Torr. Flow restrictor 59 is 
employed to allow a high pressure plasma to be maintained 
without detrimentally affecting the pressure of deposition 
chamber 10. Flow restrictor 59 may be. for example, a small 
orifice or a series of small orifices, although any device that 
creates a pressure differential, such as a reduction valve or 
a needle valve, could be employed. Flow restrictor 59 may 
be placed at or near the point at which pipe 57 enters 
deposition chamber 10. 

This choice of power and pressure for the remote chamber 
has several advantages. First, the high power chosen causes 
a practically complete activation of gases in the remote 
chamber, resulting in a lesser amount of precursor gases 
pumped out of the chamber which have adverse environ- 
mental impacts. 

Second, the inventors have discovered that the percentage 
amount of activation is far greater than would be expected. 
Referring to FIG. 2. the percentage of gas breakdown (or 
activated gases) is shown graphed versus applied power at a 
pressure of 15 Torr. With a different scaling, the curve would 
appear much the same for the cleaning rate. As can be seen 
at low power, the gas breakdown is approximately linear. 
The inventors have discovered that at high power, such as 
above 2.000 Watts, the gas breakdown percentage goes 
through a nonlinear transitional section before asymptoti- 
cally approaching 100% breakdown. This is seen in the 
curve having filled-in data points which is denoted MW RPS 
(microwave remote power source). This results in far greater 
gas breakdown than expected. It should be noted that the 
precise position of the transitional region also depends on 
factors such as gas pressure and gas flow. 

The power ranges discussed above may be considered to 
be partly dependent on the size of the remote chamber. A 
power range of about 3.000-12.000 Watts is based on a 
remote chamber volume of l A liter and corresponds to a 
power density of about 12.000-48.000 Watts/liter. These 
values scale both up and down for chambers of other sizes. 

A third reason why the power and pressure ranges are 
advantageous is that the high pressure plasma is more 
localized. Therefore, the high pressure plasma may be less 
likely to diffuse out of the remote chamber and cause 
burning, particularly of the piping connecting the remote 
chamber to the deposition chamber. 

A fourth reason why the power and pressure ranges are 
advantageous is the plasma stability. High power microwave 
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plasmas are more stable than low power plasmas and are 
easier to tune. For example, low power plasmas require a 
complicated automatic tuning procedure during the initia- 
tion of the plasma. If this is not used, the low power plasma 

5 will extinguish. If high power is used to initiate the plasma, 
an easier fixed tuning procedure may be used for both 
initiation and optimized tuning. 

Therefore, the combination of a high power and high 
pressure plasma in the remote plasma activation chamber 

10 leads to an unexpectedly efficient, localized and stable 
plasma. 

By using NF 3 as the feed gas. we have been able to clean 
chambers that have been deposited with silicon (Si), doped 
silicon, silicon nitride (Si 3 N 4 ) and silicon oxide (Si0 2 ). The 
cleaning rate for as-deposited film has reached 1 micron/ 
minute for silicon nitride (flowing 2,000 seem of NF 3 at a 
remote chamber pressure of 15 Torr. a remote chamber 
power of 5.000 Watts and a susceptor temperature of 360° 
C.) and 1 micron/minute for. e.g., silicon nitride. These 
cleaning rates are faster, e.g.. twice as fast, than the con- 
20 ventional cleaning process which employs only a local 
plasma with a power level of about 3 kilowatts at 13.56 MHz 
RF. 

In general, the reactive gases may be selected from a wide 
range of options, including the commonly used halogens and 
25 halogen compounds. For example, the reactive gas may be 
chlorine, fluorine or compounds thereof, e.g. NF 3 . CF 4 . SF 6 . 
CJF6. CCi„. C 2 C1<;. Of course, the particular gas that is used 
depends on the deposited material which is being removed. 
For example, in a tungsten deposition system a fluorine 
30 compound gas is typically used to etch and/or remove dean 
the deposited tungsten. 

It should be understood that the power levels, flow rates, 
and pressures that are chosen are system specific and thus 
they will need to be optimized for the particular system in 
35 which the process is being run. Making the appropriate 
adjustments in process conditions to achieve optimum of 
performance for a particular system is well within the 
capabilities of a person of ordinary skill in the art. 
w Although the described embcKliment involved a PECVD 
system, the invention has far wider applicability. For 
example, the concept of a remote activation source (Le., 
outside the main vacuum chamber), possibly used in con- 
junction with a local activation source (i.e.. inside the main 
45 vacuum chamber) can be used in systems designed for any 
of the following purposes: PVD. CVD, ion doping, photo- 
resist stripping, substrate cleaning, plasma etching. 
Other embodiments are within the following claims. 
What is claimed is: 
x 1. A method for cleaning a deposition chamber that is used 
in fabricating electronic devices, said method comprising: 
delivering a precursor gas into a remote chamber that is 

outside of the deposition chamber; 
activating the precursor gas in the remote chamber to 
55 form a reactive species using power from about 3,000 
Watts to 12.000 Watts; 
flowing the reactive species from the remote chamber into 

the deposition chamber: and 
using the reactive species that is flowed into the deposi- 
60 tion chamber from the remote chamber to clean the 
inside of the deposition chamber. 
2. The method of claim 1 wherein the step of activating 
the precursor gas is performed by using a remote activation 
source. 

65 3. The method of claim 2 wherein the precursor gas is 
selected from the group of gases consisting of all halogens 
and gaseous compounds thereof. 
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4. The method of claim 3 wherein the precursor gas is 
selected from the group of gases consisting of chlorine, 
fluorine, and gaseous compounds thereof. 

5. The method of claim 4 wherein the precursor gas is 
NF 3 . 

6. The method of claim 2 wherein the remote activation 
source is a microwave energy source. 

7. The method of claim 2 further comprising flowing a 
carrier gas into the remote activation chamber. 

8. The method of claim 7 wherein the carrier gas is 
selected from the group of gases consisting of nitrogen, 
argon, helium, hydrogen, and oxygen. 

9. A method of cleaning a process chamber, said method 
comprising: 

delivering a precursor gas into a remote chamber that is 
outside of the process chamber so that there is a 
pressure differential between said remote chamber and 
said process chamber; 

activating the precursor gas in the remote chamber and to 
thereby form a reactive species using power from about 
3.000 Watts to 12.000 Watts; 

flowing the reactive species from the remote chamber into 
the process chamber. 

10. The method of claims 1 or 9. further comprising the 
step of: 

using a local activation source to further excite the 

reactive species that has been flowed into the process 

chamber from the remote chamber; and 
using the reactive species that has been further excited by 

the local activation source in performing the cleaning 

process in the process chamber. 

11. The method of claim 9. wherein said pressure differ- 
ential is at least 4.5 Ton. 

12. The method of claim 9. wherein the pressure in the 
remote chamber is between 5 Ton and 20 Ton. 

13. The method of claim 12. wherein the pressure in the 
remote chamber is at least about 15 Ton. 

14. A deposition apparatus assembly, comprising: 
a deposition chamber; 

a remote chamber that is outside of said deposition 
chamber: 

an activation source adapted to deliver energy into said 
remote chamber; 

a first conduit for flowing a precursor gas from a remote 
gas supply into the remote chamber where it is acti- 
vated by said activation source to form a reactive 
species; 

a second conduit for flowing the reactive species from the 
remote chamber into the deposition chamber; and 
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a flow restrictor placed within the second conduit, 
whereby a pressure differential is created between said 
remote chamber and said deposition chamber. 

15. The assembly of claim 14 further comprising a valve 
• and flow control mechanism which controls the flow of 

precursor gas into the remote chamber. 

16. The assembly of claim 14 wherein said flow restrictor 
is a reduction valve. 

17. The assembly of claim 14 wherein said activation 
source is designed to deliver energy in a power range from 
about 12.000 Watts per liter to 48.000 Watts per liter. 

18. The apparatus of claim 14 further comprising a valve 
and flow control mechanism which controls the flow of a 

15 canier gas that is different from the precursor gas into the 
remote chamber. 

19. A method for cleaning a deposition chamber that is 
used in fabricating electronic devices, said method compris- 

20 delivering a precursor gas into a remote chamber that is 
outside of the deposition chamber; 
activating the precursor gas in the remote chamber to 
form a reactive species using power from about 12.000 
25 Watts per liter to 48.000 Watts per liter of remote 
chamber volume; 
flowing the reactive species from the remote chamber into 
the deposition chamber under a pressure differential; 
and 

30 us i n g the reactive species that is flowed into the deposi 
tion chamber from the remote chamber to clean the 
inside of the deposition chamber. 

20. The method of claim 19. wherein the pressure differ- 
ential is at least about 4.5 Torr. 

35 21. A method for cleaning a deposition chamber that is 
used in fabricating electronic devices, said method compris- 
ing: 

delivering a precursor gas into a remote chamber that is 
^ outside of the deposition chamber; 

activating the precursor gas in the remote chamber to 
form a reactive species using power from about 3.000 
Watts to 12,000 Watts using a fixed tuning high power 
plasma source; 

45 flowing the reactive species from the remote chamber into 
the deposition chamber; and 
using the reactive species that is flowed into the deposi- 
tion chamber from the remote chamber to clean the 
inside of the deposition chamber. 

50 
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ABSTRACT 



A processing chamber cleaning melhod is described which 
utilizes microwave energy to remotely generate a reactive 
species to be used alone or in combination with an inert gas 
to remove deposits from a processing chamber. The reactive 
species can remove deposits from a first processing region at 
a first pressure and then remove deposits from a second 
processing region at a second pressure. Also described is a 
cleaning process utilizing remotely generated reactive spe- 
cies in a single processing region at two different pressures. 
Additionally, different ratios of reactive gas and inert gas 
may be utilized to improve the uniformity of the cleaning 
process, increase the cleaning rate, reduce recombination of 
reactive species and increase the residence time of reactive 
species provided to the processing chamber. 

21 Claims, 12 Drawing Sheets 
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REMOTE PLASMA CLEANING METHOD 
FOR PROCESSING CHAMBERS 



Another problem confronting the semiconductor industry 
is the increased cost to obtain process gases coupled with the 
increased costs of disposing of the exhaust by-products 
created by process gases. The cleaning gas NF3 is an 
5 illustrative example of this problem. Long recognized as a 
superior cleaning gas, the cost of purchasing NF3 has 
steadily increased. What is needed is an improved remote 
plasma chamber cleaning process which utilizes cleaning 
gases more efficiently resulting in an overall decrease in gas 
w consumption. The improved process should rely solely on 
remote microwave excitation sources without requiring 
chamber based excitation to produce an effective plasma or 
remove chamber deposits. The decreased gas consumption 
lowers gas supply cost, CFC generation and gas disposal 
cost. More specifically, the improved method should be 
capable of providing commercially viable cleaning rates for 
dielectric films such as Ta 2 O s .and other dielectric films. 
SUMMARY OF THE INVENTION 
An embodiment of the present invention is a method of 
20 cleaning from a processing chamber deposits formed on 
interior surfaces of the processing chamber wherein said 
processing chamber interior surfaces include a first region 
and a second region said second region being different from 
said first region, said method comprising the steps of: 
25 dissociating a gas mixture outside said processing chamber 
to form reactive species, said gas mixture comprising an 
inert gas and a cleaning gas; providing said reactive species 
to said processing chamber; reacting said reactive species 
with said deposits in said processing chamber first region; 
30 forming volatile compounds from said deposits formed in 
said processing chamber first region; removing from said 
processing chamber said volatile compounds formed from 
deposits formed in said processing chamber first region; 

increasing the fluid communication between said processing 
enable closer spacing of 35 chamber firsl and second iong . feactl[ R (j 

species with said deposits in said processing chamber sec- 
ond region; forming volatile compounds from said deposits 
formed in said processing chamber second region; and 
removing from said processing chamber said volatile com- 



FIELD OF THE INVENTION 

This application is a continuation-in-part of application 
Ser. No. 08/893,922 entitled "Improved Cleaning Process" 
filed Jul. 11, 1997 and commonly assigned to Applied 
Materials, Inc, now U.S. Pat. No. 6,125,859. 

This invention relates generally to methods and appara- 
tuses suitable for removing accumulated processing 
by-products and unwanted deposits within processing reac- 
tors. More particularly, this invention relates to a method for 
cleaning the internal components of a wafer processing 
apparatus after the deposition of Tantalum containing films, 

such as Tantalum Pentaoxide (Ta 2 0 5 ). Additionally, the 15 capable of providing 
method described is suitable for removing deposits formed ' ' 
by other processes useful in the manufacture of semicon- 
ductor devices and flat panel displays. 

BACKGROUND OF THE INVENTION 
The desire for greater capacity integrated circuits (ICs) on 
smaller sized devices has increased interest in replacing 
today's 64 megabit DRAM with memory devices in the 
range of 256 megabit, 1 gigabit and higher. This need for 
increased capacity on the same or smaller substrate footprint 
device makes it necessary to replace conventional dielectric 
films previously used in stacked capacitor formation, such as 
silicon dioxide (SiO^), with dielectric films having higher 
dielectric constants. Capacitors containing high-dielectric 
constant materials, such as Ta 2 0 5 , usually have much larger 
capacitance densities than standard Si0 2 — Si 3 N 4 — Si0 2 
stack capacitors making them the materials of choice in IC 
fabrication. High dielectric constant films allow smaller 
capacitor 

transistors and increased transistor density. One material of 
increasing interest for stack capacitor fabrication is Tanta- 
lum Pentaoxide which has a relative dielectric constant more 
than six times that of Si0 2 . Accompanying the increased and 
expanding use of this material i: 



a need for improved in-situ 40 pounds formed from deposits formed in said processing 

methods of removing unwanted deposits which accumulate chamber second reoion P™cessin a 

within the processing chamber after repeated deposttion Mother embodiment of the present invention ,s a method 

A- ..,.-1.1.1 i ... . , .... of removing deposits formed in a processing chamber as a 

An available cleamng method mvolves the utihzaUon of result of de p 0silion operations performed on a substrate 

l^TLtf^ g T r t0P r ° duC f re f '^ species which 45 disposed within the processing chamber, the method m m . 
are delivered to the processing chamber. U.S. Pat. No. 



prising the steps of activating a cleaning gas ii 
chamber separate from said processing chamber to form 
reactive species from said cleaning gas; providing an inert 
gas which mixes with said reactive species to form a gas 
mixture comprising reactive species; providing said gas 
mixture to said processing chamber while maintaining said 
processing chamber at a first pressure; while maintaining 
said processing chamber at said first pressure, reacting said 
reactive species with said deposits to form volatile c 



5,449,411 issued Sep. 12, 1995, to Hitachi describes a 
process for cleaning a vacuum chamber prior to the depo- 
sition of Si0 2 therein. A microwave plasma of process gases 
such as C 2 F 6 , CF 4 , CHF 3 , CH 6 , F 2 , HF, Cl 2 or HC1 is « 
described. The patent further describes that the cleaning 
process can be improved by applying an R.F. electric field to 
electrodes in the chamber. 

U.S. Pat. Nos. 5,778,788 issued Aug. 4, 1998, to Applied , , „ lv(llu , l uii „ , 

Komatsu Technology, describes a method for cleaning a 55 pounds and thereafter removing from said"proce^ng cham- 
dcnosmon chaml h , ^i..,-.*,-.-,^;,-. ber said volatile compounds formed at said first pressure; 

providing said gas mixture comprising reactive species to 
said processing chamber while maintaining said processing 
chamber at a second pressure that is different from said first 
60 pressure; while maintaining said processing chamber at said 
second pressure, reacting said reactive species with said 
deposits to form volatile compounds and thereafter remov- 
ing from said processing chamber said volatile compounds 
formed at said second pressure; and conducting processing 
65 operations in said processing chamber to form a film on 
interior surfaces of said processing chamber without a 
substrate disposed within said chamber. 



deposition chamber that is used in fabricating electronic 
devices by activating a precursor gas using a high power 
microwave source of between about 3,000 to 12,000 Watts 
or a power density in the remote chamber of about 12,000 
Watts/liter to 48,000 Watts/Liter. The patent further 
describes a minor carrier gas such as Argon, nitrogen, 
helium, hydrogen or oxygen may be used to transport the 
reactive species to the chamber, assist in the cleaning 
process, or help initiate and or stabilize the plasma in the 
deposition chamber. The patent also describes the use of a 
chamber based excitation source used to further excite the 
reactive species provided to the chamber. 



US 6,2' 

3 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a cross sectional and schematic view of a 
processing system of the present invention. 

FIG. 2 is a cross sectional view of a remote plasma 
applicator cavity. 

FIG. 3 is a block diagram illustrating a method of the 
present invention. 

FIG. 4 is enlarged view A of FIG. 1. 

FIG. 5 is a cross sectional and schematic view of a 
processing system of the present invention; 

FIG. 6 is enlarged view A of FIG. 4. 

FIG. 7 is a cross sectional and schematic view of a single 
volume processing chamber and the remote plasma appara- 
tus of the present invention. 

FIG. 8 is a block diagram illustrating a method of the 
present invention. 

FIG. 9 is a graph illustrating the effect of Argon flow on 
cleaning rate and cleaning uniformity. 

FIG. 10 is a graph illustrating the effect of NF3 flow on 
cleaning rate and cleaning uniformity. 

FIG. 11 is a graph illustrating the effect of chamber 
pressure on cleaning rate and uniformity. 

FIG. 12 is a thickness map of a 300 mm wafer exposed to 
a cleaning method according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to a novel in-situ clean- 
ing process for removal of accumulated processing 
by-products on interior surfaces of a processing chamber. 
The described embodiment uses a resistively heated CVD 
chamber. One example of this type of chamber is an xZ style 
single wafer processing chamber manufactured by Applied 
Materials, modified as described herein. The chamber 
described is part of a modular processing system which can 
be utilized for a wide variety of semiconductor processing 
technologies such as the thermal deposition of Tantalum 
Pentaoxide (Ta 2 0 5 ). Although the description and embodi- 
ments which follow are described with relation to the 
deposition and cleaning of Ta 2 0 5 comprising films, one 
skilled in the art will appreciate that the methods set forth in 
the present invention are adaptable to commercially avail- 
able processing systems and operations without departing 
from the scope of the present invention. In some instances, 
well known semiconductor processing equipment and meth- 
odology have not been described in order not to unneces- 
sarily obscure the present invention. 

FIG. 1 is a schematic view of a processing system 5 of the 
present invention which contains processing chamber 10 and 
remote plasma generator 60. Processing chamber 10 is 
comprised of a lid 20 and chamber body 22 which together 
form an evacuable, temperature controlled processing envi- 
ronment. Lid 20 and chamber body 22 are typically made 
from rigid materials having good thermal characteristics. 
For example, chamber lid 20 and body 22 could be formed 
from aluminum. 

In the representative embodiment shown in FIG. 1, a 
resistively heated substrate support 28 is provided within 
chamber 10 to support a workpiece and provide the heat of 
reaction for a thermal deposition reaction such as, for 
example, the deposition of Ta 2 0 5 by decomposition of 
Tantalum precursors such as (Ta (OC2H 5 ) 5 ) or TAETO and 
Tantalum Tetraethoxide Dimethylaminoethoxide (Ta (OEt) 4 
(OCH 2 CH 2 N(Me) 2 ) or TAT-DMAE. Power provided to 
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resistive heater 29 within substrate support 28 is adjusted by 
heater controller 44. Power to heater 29 is adjusted to 
provide adequate temperature for the desired processing 
operation to be performed within chamber 10. The vertical 

5 position of substrate support 28 within chamber 10 is 
controlled by lift mechanism 42. Support shaft 41 couples 
substrate support 28 to lift mechanism 42. The position of 
substrate support 28 within chamber 10 or spacing is the 
separation between the lower surface of showerhead 32 and 
0 the upper surface of substrate support 28. Spacing is mea- 
sured in thousandths of an inch or mils with larger spacing 
indicating increasing separation between showerhead 32 and 
substrate support 28. Components within chamber 10 typi- 
cally have a protective coating or are fabricated from 

15 durable materials which tolerate exposure to the relatively 
high temperatures and often caustic chemical environments 
used in the fabrication of electronic components. For 
example, showerhead 32 could be formed from aluminum. 
Graphite and ceramic compositions are often employed in 
the fabrication of substrate supports 28 and support shafts 

~ 41. 

Pump 15 and throttle valve 14 are used in conjunction to 
evacuate chamber 10 and provide a pressure regulated 
environment within chamber 10. Pump 15 is in communi- 

25 cation with pumping channel 40 located in the periphery of 
walls 22 and encircling substrate support 28. Pumping plate 
34 is provided with a plurality of apertures 36 which provide 
more uniform conduction and evacuation of chamber inte- 
rior regions 24 and 26. Spacing 38 separates substrate 

30 support 28 from pumping plate 34. For the representative 
chamber 10 of FIG. 1, spacing 38 is between about 0.112 
inches and 0.088 inches. Thus, substrate support 28 and 
pumping plate 34 in effect divide the interior of chamber 10 
into an upper interior region 24 and a lower interior region 

35 26. Upper interior region 24 also includes showerhead 32 
and gas distribution plate 30. 

Processing gases are stored outside chamber 10 in gas 
supplies 46 and 48. Valve and controller 50 represents an 
electronic metering and control system such as a mass flow 

40 controller used to introduce gases into chamber 10. From 
valve and controller 50, gases from supplies 46 and 48 flow 
through chamber supply piping 52, lid 20, gas distribution 
plate 30 and showerhead 32 before entering interior chamber 
regions 24 and 26. Although shown using a single valve and 

45 controller 50, gas supplies 46 and 48 could also be con- 
trolled by independent valve and controller unit 50 depend- 
ing upon the process desired within chamber 10. 

Also illustrated in FIG. 1 is remote plasma generating 
system 60 which is used to activate gases and provide the 

50 resulting reactive species to chamber interior regions 24 and 
26. One advantage of a remote plasma generator 60 is that 
the generated plasma or reactive species created by remote 
plasma generator 60 may be used for cleaning or process 
applications within internal chamber processing regions 24 

55 and 26 without subjecting internal chamber components 
such as substrate support 28, shower head 32, or pumping 
plate 34 to ion bombardment which usually results when RF 
energy is applied within interior processing regions 24 and 
26 to create a plasma. Reactive species generated by 

60 remotely activated plasma are considered less damaging 
since they do not subject internal chamber components to 
ion bombardment. 

Another advantage of a remote excitation cleaning 
method of the present invention over some chamber based 

65 excitation cleaning methods is that in a remote excitation 
cleaning method the chamber conditions, such as 
temperature, may be maintained at or near the conditions 
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associated to the process to be conducted in the chamber. For 
example in a representative embodiment of the present 
invention where the chamber is used to deposit Ta,0 5 at 
475° C, remotely activated species may be provided to the 
chamber at the same temperature thereby eliminating the 
extra time required to change chamber temperature between 
the deposition process and the remotely activated cleaning 
process. 

Turning now to the schematic illustration of remote 
plasma generator 60 which appears in FIG. 1, the compo- 
nents and operation of remote plasma apparatus 60 of the 
present invention can be better appreciated. Magnetron 
assembly 62 houses the magnetron tube, which produces the 
microwave energy. A representative magnetron tube 62 
consists of a hot filament cylindrical cathode surrounded by 
an anode with a vane array. This anode/cathode assembly 
produces a strong magnetic field when it is supplied with DC 
power from a power supply. Electrons coming into contact 
with this magnetic field follow a circular path as they travel 
between the anode and the cathode. This circular motion 
induces voltage resonance, or microwaves, between the 
anode vanes. An antenna channels the microwaves from 
magnetron 62 to isolator 64 and wave guide 66. Isolator 64 
absorbs and dissipates reflected power to prevent damage to 
magnetron 62. Wave guide 66 channels microwaves from 
isolator 64 into tuner 68. 

Tuner 68 matches the impedance of magnetron 62 and 
microwave cavity 72 to achieve the minimum degree of 
reflected power by adjusting the vertical position of three 
tuning stubs located inside wave guide 66. Tuner 68 could 
be adjusted manually or automatically. If an automatic tuner 
is employed with tuner 68, a feedback signal can be pro- 
vided to the magnetron power supply in order to continu- 
ously match the actual forward power to the setpoint. Auto 
tuner controller 70 controls the position of the tuning stubs 
within wave guide 66 to minimize reflected power. Auto 
tuner controller 70 also displays the position of the stubs as 
well as forward and reflected power readings. 

If a manual tuner is used, the positions of the stubs could 
be set manually and adjusted as needed to minimize 
reflected power. Although more expensive than manual 
tuner controllers, automatic tuner controllers can strike and 
sustain a plasma with a cleaning gas such as, for example, 
NF3. Since it is more difficult to strike and sustain a plasma 
with only a cleaning gas generally an automatic tuner 
controller is required. With manual tuners, an extra plasma 
initiation step may be required where an inert gas is flowed 
through the remote apparatus and the plasma struck. Once 
the plasma is formed in the applicator with an inert gas, the 
cleaning gas is introduced. Finally, the flow rate of the 
cleaning gas is increased to the desired flow condition while 
the inert gas flow is decreased until the desired gas flow or 
gas composition is obtained. 

Turning now to FIG. 2 which shows a cross section of 
microwave applicator cavity 72 where gases from supply 
line 78 are exposed to microwave energy from magnetron 
62. Applicator 72 has a cylindrically shaped sapphire tube 76 
located within another cylindrically shaped quartz tube 75. 
In order to prevent overheating and damage to tubes 75 and 
76, cooling water is provided to cooling water channel 77 
which separates tubes 75 and 76. Microwave energy exiting 
tuner 68 travels through microwave channel 71 which is 
coupled to applicator 72 and positioned such that exiting 
microwaves are directed towards tubes 75 and 76. Activa- 
tion volume 73 is formed by the intersection of the cross 
section of channel 71 and sapphire tube 76. For example, 
activation volume 73 is about 4.733xl0" 3 liters in an 
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embodiment where microwave channel 71 has a rectangular 
cross section with a height of about 3.4 inches and a width 
of about 1.7 inches while tube 76 has an inner diameter of 
1.04 inches. Representative microwave power settings of 

5 between about 1400-3200 Watts result in a power density of 
between 295,800 W/L to 676,100 W/L within activation 
volume 73. The power density is scalable and will vary 
depending on specific geometry of the system and the 
microwave power utilized. Although described as rectangu- 

]Q lar and cylindrical, one of ordinary skill in the art will 
appreciate that other shapes can be employed in microwave 
channel 71 as well as tubes 75 and 76. Although described 
as fabricated from sapphire and quartz respectively, tubes 76 
and 75 may also be formed from other suitable materials 

J5 capable of sustained exposure to microwave energy. 
Additionally, inner tube 76 should be inert to the gases 
provided from supply line 78. 

Gas or gases supplied via gas supply line 78 enter water 
cooled sapphire tube 76 within microwave applicator 72. 

20 The gas or gases subjected to the microwave energy ionizes 
producing reactive species which can then be used in 
cleaning and processing operations within processing cham- 
ber 10. For example, one such cleaning gas is NF 3 which can 
be used to supply reactive fluorine for cleaning processing 

25 chamber interior regions 24 and 26 when a substrate is not 
present in chamber 10. The microwave power level is one 
limit on the amount of reactive species created. For example, 
a microwave power level of about 3500 W is capable of 
completely dissociating about 1700 seem of NF 3 . Gas flows 

30 above 1700 seem may result in incomplete cleaning gas 
dissociation. An optical plasma sensor 74 detects the exist- 
ence of plasma within cavity 72. Reactive species generated 
within microwave applicator cavity 72 are supplied to 
chamber 10 via chamber supply line 88. 

35 Referring again to FIG. 1, reactive species within cham- 
ber supply line 88 pass control valve 90 which could be an 
on/off valve or part of a diverter valve system. Employing a 
diverter in valve 90 allows for the continued operation of 
remote plasma generator while not requiring that reactive 

40 species be provided to chamber 10. Once past control valve 
90, reactive species from remote plasma generator 60 flow 
through gas supply line 52, lid 20, gas distribution plate 30 
and showerhead 32 before entering chamber interior regions 
24 and 26. 

45 Gases to be dissociated in remote plasma generator 60 are 
stored in gas supplies 86 and 84. Valve and control mecha- 
nisms 80 and 82 represent electronic flow control units for 
gas supplies 86 and 84 respectfully. The output setpoint of 
valve and flow control mechanisms 80 and 82 is determined 

50 by the user and the resulting gas flow output is provided to 
microwave applicator cavity 72 via supply piping 78. In 
accordance with the present invention, gas supply 84 could 
be a source of cleaning gas to be dissociated into reactive 
species for the removal of deposits formed within chamber 

55 10. Although the present embodiment will be described with 
respect to the use of NF 3 , the reactive gas or cleaning gas 
may be selected from a wide variety of halogens and halogen 
compounds. For example, the reactive gas may be chlorine, 
fluorine or compounds thereof, e.g. NF 3 , CF 4 , SF 6 , C 2 F 6 , 

60 CC1 4 , C 2 C1 6 . Reactive gas selection will depend upon the 
material to be removed. For example, reactive fluorine may 
be used to remove or clean accumulations of Ta 2 0 5 as set 
forth in a representative embodiment of the present inven- 

65 Also in accordance with the present invention, gas supply 
86 is a source of inert gas with a two fold purpose. For those 
microwave generator apparatus 60 having a manual tuner 



US 6,274,058 Bl 

7 8 

60, an inert gas is used to initiate the plasma within the chamber. Deposition will also occur on other surfaces 

microwave applicator cavity 72. Second, in accordance with within interior regions 24 and 26 with sufficient temperature 

the ratios described below, the inert gas is flowed concur- to react the process gases. In a restively heated deposition 

rently with the reactive gas in order to prevent reactive chamber such as chamber 10 which has no means other than 

species recombination thereby increasing the number of 5 thermal energy for activation or to drive reactions, deposi- 

reactive species which reach chamber 10. The addition of an tion is expected on those surfaces heated because of prox- 

mert gas also increases the residence time of those reactive imity to resistively heated substrate support such as the 

species within chamber 10. Although the ratio between the lower surface of showerhead 32 , the upper surface of 

inert gas and the cleaning or reactive gas is described in pumping plate 34 and walls 32 surrounding first interior 

relation to flow rates, the ratio of cleaning gas to inert gas region 24. Since substrate support 34 is larger than the 

could also be determined by any other means to describe the substrate being processed, deposition will also occur on the 

relative amounts of each gas provided to chamber 10. outer periphery of the upper surface of substrate support 34 

Although gas supply 78 is illustrated in FIGS. 1, 5 and 7 not covered by the wafer being processed. In a periodic 

as flowing inert gas through applicator 72, it is to be cleaning process cycle, accumulations vary according to the 

understood that the inert gas could instead be provided to the number of wafers processes and the film thickness deposited 

flow of reactive species at supply line 88. Providing the inert on each wafer. 

gas into the flow of reactive species down stream of appli- F IG. 4 illustrates view A of FIG. 1 which is an enlarged 

cator 72 has the additional advantage of increasing the view of the edges of pumping plate 34 and substrate support 

amount of power applied to the cleaning gas flow within 28 separated by spacing 38 after the deposition process 

applicator 72 since only the cleaning gas flows through 2Q described above has taken place. Generally, FIG. 4 is 

applicator 72. representative of the chamber specific accumulations which 

The present invention can be carried out in a processing can occur. In a representative periodic clean process, for 
chamber modified to operate in conjunction with a remote example the deposition of Ta 2 O s , wafers are processed in 
plasma generating source as illustrated in FIG. 1. FIG. 3 series of 100 with each wafer receiving a 100 A layer of 
contains block diagram 300 which sets forth the novel 25 Ta 2 0 5 . Such a processing cycle results in the highest 
cleaning process of the present invention. The remote accumulations, about 200 A, on exposed areas of and the 
plasma cleaning process is set forth in blocks 302-308 of edges of pumping plate 34 nearest to substrate support 28. 
FIG. 3. For purposes of illustration, the method of the The thickness of the accumulation on other chamber corn- 
present invention will be described as implemented for a ponents varies according to the temperature of the compo- 
processing system similar to processing system 5 of FIG. 1. 30 nent and the degree of exposure to process gases. 
Accordingly, reference numbers and components shown in The apparent division of chamber 10 into interior regions 
FIG. 1 will be used in the description which follows. 24 and 26 by pumping plate 34 and substrate support 28 is 

The first step of the present invention as set forth in block illustrative of the obstruction of certain chamber internal 
301 is to conduct processing operations which results in the regions by the interrelation of internal chamber components, 
formation of deposits within a processing chamber. In this 35 Thus, the narrow spacing 38 between pumping plate 34 and 
illustration, the processing operation described is for the substrate support 28 results in interior regions 24 and 26. 
thermal deposition of tantalum pentaoxide by mixing a The narrow spacing 38 is an area of reduced fluid commu- 
tantalum precursor with an oxidizing agent at approximately nication between interior regions 24 and 26. Narrow spacing 
450° C. A substrate is placed on resistively heated substrate 38 is representative of an interference which occurs within 
support and heater controller 44 adjusts the power provided 40 processing chamber 10 such that the reaction conditions 
heater 29 to maintain the substrate at an appropriate pro- interior to the chamber beyond the preferred deposition 
cessing temperature of about 450° C. Lift mechanism 42 region 24 will be dissimilar. Obstructions and restrictions 
positions substrate support 28 and the wafer thereupon in like spacing 38 are not limited to resistively heated cham- 
chamber 10 relative to showerhead 32 to a spacing of, for bers such as chamber 10 but also found in other processing 
example, 400 mils. Gas supplies 46 and 48 of FIG. 1 contain 45 chambers as well. Examples from other processing appara- 
a oxidizing gas such as oxygen or nitrous oxide and a tus where obstructions form different regions within a pro- 
tantalum precursor such as TAT-DMAE or TAETO. An inert cessing area include: portions of the horizontal position 
gas such as N 2 may be employed as a carrier gas for the mechanism of a horizontal feed tube reactor are obstructed 
Tantalum precursor. Valve and controller mechanism 50 by the quartz boat used within the reactor so that the manner 
mixes and adjusts the flow rate of the tantalum and oxidizing 50 in which a quartz wafer boat utilized in a tube reactor 
gases and delivers them to chamber 10. The temperature of obstructs those portions of the tube blocked by the apparatus 
the substrate positioned on support 28 is sufficient to form which moves the boat; shadow rings used in some etch 
tantalum pentaoxide from the incoming gas stream. processes have surfaces which are not exposed to reactant 

Some processes necessitate cleaning after each substrate gases and conversely surfaces which are exposed to and may 

is processed. Other processes tolerate periodic cleaning after 55 accumulate the etched material; and substrate handling 

a consecutive series of processes sequences, or after the systems may result in lift mechanisms which can obstruct or 

deposition of a specified film thickness. One example of otherwise restrict portions of a processing chamber, 

periodic cleaning is the deposition of Ta 2 O s where a series Thus, in the specific embodiment of FIG. 1, chamber 10 

of substrates are processed where each substrate receives is divided into first interior region 24 and second interior 

about 100 angstroms (A) of Ta 2 0 5 film. After a number of 6 0 region 26. As a result of spacing 38 with support 28 nearly 

substrates have been processed in this manner, the chamber in plane with pumping plate 34, the effective chamber 

is cleaned after the last substrate is removed from the volume of first interior region 24 is approximately 0 6402 L 

chamber. A typical processing cycle for Ta^ is 500 wafers Continuing with flow diagram 300 of FIG. 3 and as set 

each with 100 angstroms (A) or, alternatively, cleaning the forth in block 302, initiate a plasma within a remote plasma 

chamber once for every 1 micron of film deposited. 65 generator located outside of the processing chamber while 

Chamber 10, like other deposition chambers, are designed there is no substrate in chamber 10. As described above, a 

to preferentially deposit film on substrates positioned within plasma initiating gas would be utilized in a remote plasma 
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system 60 having a manual tuner controller. In the case of an recombination of the reactive species before chamber 10 

remote plasma system 60 having an automatic tuner reduces the efficiency of remote plasma generating system 

controller, step 302 is not required since a sustainable 60 to provide reactive species into chamber interior regions 

plasma may be initiated directly from the selected cleaning 24 and 26. Providing an inert gas with the reactive species 

gas. The plasma initiating gas may be any of the Group vm 5 increases the probability that molecular collisions enroute to 

gases, such as for example, He, Ne, Xe, and Ar, or an inert chamber 10 will be between reactive species and inert gas 

gas such as N,, or other gas suitable for plasma initiation. thereby reducing the probability of reactive species recom- 

Here, inert gas or plasma initiating gas refers to those gases bination. 

which do not appreciably dissociate when exposed to the In a representative embodiment where Ar is the inert gas 

microwave energy at the power levels described. In a , 0 and NF 3 is the cleaning gas, the respective flows rates could 

specific embodiment, gas supply 86 contains Ar and valve be adjusted to about 200 seem NF 3 and about 400 seem Ar. 

and control mechanism 80 adjusts the flow of Ar to about Maintaining about a 2:1 ratio between the inert gas and the 

600 standard cubic centimeters per minute (seem) which reactive gas reduces the probability that reactive species 

flows through supply line 76 into microwave applicator produced by the reactive gas dissociation will recombine. 

cavity 72. j$ The optimal inert gas to reactive gas ratio may also vary 

Inside applicator cavity 72 the gas stream passes through based on the characteristics of the specific remote plasma 

a water cooled applicator tube where it is exposed to generator utilized and the type of reactive gas employed, 

microwave energy levels of at least 100 W and preferably Advantageous results have been achieved when the inert gas 

between about 1400 Watts and 3200 Watts generated by to reactive gas ratio is maintained within about 25% of the 

magnetron assembly 62. A representative microwave energy 20 2:1 ratio described above. 

level suitable for a chamber 10 of FIG. 1 and the gas flows Next, as set forth in block 305, is to adjust the pressure 

described is about 1400 Watts. In an embodiment where Ar within the processing chamber. Generally, an aspect of 

is used to initiate a plasma, microwave energy passes chamber pressure is that higher pressure tends to decrease 

through the sapphire tube and an Ar plasma is created within residence time of the reactive species within the chamber, 

microwave applicator cavity 72. The plasma produces high 25 However, when cleaning initially begins within region 24 

energy or internally hot Ar which flows into remote plasma the highest amounts of deposits are present. Even though the 

supply line 88, control valve 90, gas supply line 52 and into activated species have a shorter residence time and mean 

chamber 10. Chamber 10 is maintained at about 2.0 Torr free path, the likelihood of activated species reacting with 

while plasma is established in microwave applicator cavity and removing deposits is high. It is believed that lower 

72. In those systems with a manual tuner, a typical lime to 30 pressures, on the other hand, tend to lengthen the mean free 

initiate a remote plasma using an inert gas such as Ar and path and residence time thereby allowing dispersion of the 

obtain a stable high energy Ar flow to chamber 10 is about reactive species across the interior region of the chamber. In 

10 seconds or less. a specific embodiment of the present invention, a chamber 

Next, as set forth in block 303, activate a gas in the remote pressure of about 2.0 Torr results in cleaning rates which are 

chamber to form reactive species. Gas supply 84 could 35 higher on the substrate support 28 or central portion of the 

contain a halogen bearing gas such as Cl 2 , HC1, C1F 3 , NF 3 , chamber than on walls 22 or outer portion of the chamber. 

SF 6 , F 2 and HF. In the case of a remote apparatus 60 having Next, as set forth in block 306, is to remove deposits 

an automatic tuner, steps 302 and 303 may be executed formed on interior regions of the processing chamber, 

together since the gas to be activated could also be used to Removing the deposits formed on the interior chamber 

initiate the plasma. While maintaining the plasma within 40 surfaces or cleaning the chamber is accomplished by react- 

applicator 72, the flow rate of the gas to be activated is ing the reactive species with the deposited film on the 

provided by valve and controller mechanism 82 which chamber surface to form a volatile compound. For example, 

allows gas to flow through supply line 78 into microwave in a chamber used for Tantalum Pentaoxide deposition such 

applicator cavity 72. Inside applicator cavity 72 the gas as the chamber 10 of FIG. 1, NF 3 can be remotely dissoci- 

stream passes through the water cooled sapphire applicator 45 ated as described above to form reactive fluorine. The 

tube where the cleaning gas stream is exposed to microwave reactive fluorine then reacts with and removes the Tantalum 

energy generated by megatron assembly 62 and the initiated Pentaoxide formed within the interior of chamber 10. Refer- 

plasma. A representative microwave energy level is about ring to chamber 10 illustrated in FIG. 1, most of the reactive 

1400 Watts. In an embodiment where NF 3 is used as a species provided to chamber 10 will react with deposits 

cleaning gas, dissociation within applicator cavity 72 pro- so formed within interior chamber region 24. The reactive 

duces reactive F, some N 2 , and trace amounts of NF and F 2 . species remain mostly in the effective volume of interior 

Using NF 3 has particular advantages such as its low disso- region 24 because of the narrow spacing 38 between sub- 

ciation energy and its production of multiple reactive fluo- strate support 28 and pumping plate 34. Some reactive 

nne species from each individual NF 3 molecule. species will interact with the tantalum pentaoxide deposits 

Next, as set forth in block 304, provide a mixture of inert 55 formed on the opposing edges and lower surfaces of sub- 
gas and reactive species to an interior region of the process- strate support 28 and pumping plate 34. Generally, most of 
ing chamber. Since microwave application cavity 72 is the deposits removed will be those formed on surfaces 
located remote to chamber 10, reactive species generated by within interior region 24. For example in chamber 10 of FIG. 
remote plasma system 60 flow some distance along chamber 1, deposits formed on the lower surface of showerhead 32 
supply line 88 to reach chamber 10. As a result, reactive 60 and the upper surfaces of pumping plate 34 and substrate 
species produced by dissociation with applicator cavity 72 support 28 would react with the reactive species to form 
could collide and recombine while flowing to chamber 10. volatile compounds. 

Instead of providing reactive species to remove deposits The likely deposits to be removed can be better appreci- 

formed within chamber 10, recombined and less reactive ated by referring to FIG. 4 which illustrates the enlarged 

gases are provided to chamber 10. In an embodiment where 65 view A of FIG. 1. FIG. 4 shows that portion of the chamber 

MP ic irtixrotoA .'n i™l,V.>f rt ,. T> I? I - . 1 . . , . „ 



is activated in applicator 72, reactive F may recombine where pumping plate 34 and substrate support 28 are sepa- 
and instead provide F 2 and NF 2 to chamber 10. Thus, rated by spacing 38. Because of their relative positions and 
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the chamber design, spacing 38 is at a minimum when 
pumping plate 34 and substrate support 28 are directly 
adjacent to each other or in the deposition position as shown 
in FIGS. 1 and 4. For a substrate support 28 in a position 
directly adjacent to pumping plate 34 as shown in FIGS. 1 5 
and 4, spacing 38 is on the order of 0.088 and 0.112 inches. 
Reactive species introduced into chamber region 24 would 
easily contact and react with deposits 25 formed on the top 
surfaces of pumping plate 34 and substrate support 28. To a 
certain extent reactive species introduced within region 24 10 
are hindered from entering region 26 because of spacing 38. 
As a result, chamber interior region 24 which contains the 
majority of deposits to be removed is the first region 
cleaned. During the first cleaning cycle most of the cleaning 
occurs in the first region 24. is 

Returning to flow diagram 300 of FIG. 3 and as set forth 
in block 307, the volatile compounds are removed from the 
processing chamber. As the reactive fluorine species react 
with the tantalum pentaoxide deposits to form volatile 
compounds, those compounds are exhausted from the inte- 20 
rior regions of chamber 10 via pump IS. This process 
continues until the deposits formed within processing region 
24 have been removed. Typical removal rates for reactive 
species generated from NF 3 with the 2:1 inert gas/reactive 
gas ratio described above is about 1 micron of tantalum 25 
pentaoxide per minute. 

In a specific embodiment of the present invention, the first 
series of steps 304 through 307 represent providing an 
advantageous inert gas-cleaning gas mixture to a small 
volume processing region and a high pressure. For example, 30 
the small volume processing region could be the volume of 
region 24 and the high pressure could be about 2 Ton. One 
skilled in the art will appreciate that blocks 304, 305, 306 
and 307 have been shown and described serially only for 
clarity in explaining the method of the present invention. In 35 
practicing the present invention, one skilled in the art could 
perform the steps described in blocks 304, 305, 306 and 307 
in a different order or nearly simultaneously. 

The next step, as set forth in block 308, is to repeat steps 
304, 305, 306 and 307 until deposits formed on all interior 
chamber regions have been removed. This step takes into 
account restrictions caused by the relative positions of 
internal chamber components and the relationship between 
chamber pressure and reactive species. In the first series of 
steps 304, 305, 306 and 307, deposits were removed prima- 3 
rily from interior chamber region 24. In the second series of 
steps 304, 305, 306 and 307, reactive species are provided 
to and deposits are removed from another processing region 
or, alternatively, a series of processing regions. 5Q 

In the representative embodiment of chamber 10 illus- 
trated in FIG. 5, substrate support 28 has been repositioned 
so as to more easily allow remotely activated species into 
another interior region. Put another way, substrate support 
28 is repositioned to increase the fluid communication 55 
between processing regions 24 and 26. In this way, reactive 
species entering region 24 can more easily access region 26 
and react with deposits formed therein. In this representative 
embodiment, the interior region refers to interior regions 24 
and 26. Although illustrated with the movement of support 60 
28, other chambers will have other components alter posi- 
tion relative to one another in order to increase fluid com- 
munication between first and second or second and subse- 
quent processing regions. 

Turning now to FIG. 5 which shows the processing 65 
system 5 of FIG. 1 in which steps 301 through 307 above 
have been conducted. Chamber 10 of FIG. 5 also illustrates 
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the placement of internal components to provide increased 
fluid communication to an additional processing region. In 
FIG. 5, resistively heated substrate support 28 in a position 
below pumping plate 34 which effectively increases spacing 
38 which in turn leads to increased fluid communication 
between region 24 and region 26. As a result, reactive 
species entering region 24 more easily flow into region 26. 
For example, if the spacing of substrate support 28 in FIG. 
1 is about 400 mils, the spacing in FIG. 5 is about 550 mils. 
Processing system 5 of FIG. 5 is otherwise similarly con- 
figured to processing system 5 of FIG. 1. As such, similar 
components will be referred to by the same reference 
numbers. 

Referring now to FIG. 6, which is enlarged view Aof FIG. 
5, the effect of processing steps 301 through 307 as well as 
the enlarged spacing 38 can be better appreciated. FIGS. 5 
and 6 illustrate substrate support 28 in a lowered position 
below the plane of pumping plate 34. Spacing 38 is con- 
siderably larger compared to the spacing 38 represented in 
when substrate support 28 and pumping plate 34 were in 
nearly the same horizontal plane as in FIGS. 1 and 4. 
Increased spacing 38 of FIGS. 5 and 6 allows remotely 
generated reactive species to be transported into lower 
chamber interior region 26 to effect the removal of deposits 
formed therein. Thus, with substrate support 28 in a lowered 
position, the effective volume of chamber 10 is now the full 
volume of both internal chamber regions 24 and 26 since 
spacing 38 is sufficiently large so as not to restrict reactive 
species introduced into the chamber from each interior 
region of the chamber. Also shown in FIG. 6 is the removal 
of deposits 25 from the upper surfaces of both substrate 
support 28 and pumping plate 34 as a result of the first series 
of process steps 301 through 307. Additionally, as FIG. 6 
illustrates, deposits 25 on the edge and bottom surfaces of 
substrate support 28 and pumping plate 34 can now be 
removed since these areas are more readily accessible to 
reactive species. Step 308 represents the desire to repeat 
steps 304 through 307 to remove additional deposits from 
additional processing regions insufficiently cleaned by the 
first series of steps 304 to 307. 

Returning to flow diagram 300 of FIG. 3 and according to 
block 308, the next step is to repeat blocks 304, 305, 306 and 
307 for other interior regions until all deposits are removed 
or all interior regions are cleaned. It is to be appreciated that 
the ratio of inert gas to reactive species in the gas mixture 
provided to the processing region may change during each 
of the repeated series of steps 304 through 307 or remain at 
some desired ratio. For example, as described above, the 
inert gas and the cleaning gas may maintain an advantageous 
2:1 ratio. As shown in FIGS. 5 and 6, the interior region of 
the processing chamber as referred to by step 304 now 
includes a larger volume which includes interior regions 24 

Next, according to block 305, is adjusting the pressure in 
chamber 10. Besides increasing spacing 38, it is believed 
that decreased pressure and the resulting increase in resi- 
dence time will also help reactive species remove deposits 
from interior region 26. Accordingly, the pressure within 
chamber 10 is decreased which spreads reactive species 
within interior regions 34 and 26. A typical pressure is about 
900 mT or approximately half the pressure used in the first 
step 305. 

Next, according to block 306, is to remove deposits by 
reacting the reactive species with the deposits to form 
volatile compounds. Here, most of the deposits to be reacted 
are those remaining on substrate support 28 and pumping 
plate 34 shown in FIG. 6 as well as other accumulations 
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which may have occurred within lower deposition region 26. 
Cleaning continues in region 24 as reactive species react 
with deposits remaining in that region. As before, the 
reactive species react with the deposits within the processing 
region and form volatile compounds. 

In a specific embodiment of the present invention, the 
second series of steps 304 through 307 represents providing 
an advantageous inert gas-cleaning gas mixture to a larger 
volume processing region at a lower pressure. For example, 
where the inert gas-cleaning gas mixture is provided to the 
combined volumes of regions 24 and 26 at a pressure of 
about 900 mT. Alternatively, the second series of steps are 
conducted at a pressure that is about half the pressure used 
in the first series of steps 304 through 307 in a chamber 
interior region having a larger volume than the chamber 
volume cleaned in the first series of steps. 

Next, according to block 307, the volatile compounds are 
removed from the chamber. For example, in chamber 10 
volatile compounds would be exhausted from interior 
regions 24 and 26 via pump 15. If desired, control valve 90 
could be aligned to divert or closed in order to prevent the 
reactive species and inert gas from reaching chamber 10. 
Diverting or otherwise preventing the reactive species and 
inert gas from entering chamber 10 allows any residual 
gases from previous cleaning operations to be exhausted. 

Next, according to block 308, steps 304, 305, 306 and 307 
are repeated to remove deposits formed in other interior 
regions. Specifically contemplated is the repetition of steps 
304-307 to provide reactive species to each interior chamber 
region created according to the specific configuration of the 
chamber to be cleaned by the method of the present inven- 
tion. Just as substrate support 28 and pumping plate 34 
create upper and lower interior regions 24 and 26, other 
processing chambers will have chamber regions or divisions 
created by the particular internal components of that cham- 

Although chamber regions 24 and 26 are described with 
respect to a narrowing between substrate support 28 and a 
pumping plate 34, these restrictions or obstructions are 
merely illustrative of similar problems which occur in 
virtually every type of processing apparatus. Some reactors 
employ a pumping plate as in chamber 10 while other 
reactors will have process specific components which also 
partition, restrict gas flows or otherwise decrease fluid 
communication between processing regions within the 
chamber interior. An example includes R.F. enhanced 
plasma deposition chambers of the type with wafer handling 
and susceptor lifting mechanisms which, depending on their 
relative positions, obstruct one another from deposition and 
cleaning gases. In that type of chamber, processing regions 
may be created by alternating the handler and lifting mecha- 
nisms in order to effectively clean the chamber interior. 
Another example is an etch chamber which employs a 
shadow ring to preclude wafer movement during processing. 
In that chamber, processing regions may be determined by 
the relative placement of the shadow ring within the cham- 
ber. Other examples include tube reactors and other pro- 
cessing systems that utilize track or conveyor systems to 
move substrates in and out of a processing area. Processing 
regions in these types of systems could be created by regions 
which are obstructed by the track system or conveyor 
system. Other examples of chamber type and process type 
chamber regions and internal component obstructions within 
a given chamber will occur to those of ordinary skill in the 
art and are within the scope of the present invention. 

Next, according to block 309, is to deposit a layer of 
material inside the processing chamber prior to resuming 
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processing operations. One purpose of this step is to remove 
residual cleaning gases, reactants and volatile compounds 
which if allowed to remain in the processing chamber may 
interfere with the subsequently deposited films. Although 

5 purging a chamber with inert gas may be sufficient in some 
circumstances, some processes achieve improved results by 
intentionally depositing a layer of film on interior chamber 
surfaces. The step of seasoning or intentionally depositing a 
layer of film in a process chamber is of particular importance 

jo where Fluorine has been used as a cleaning reactant. 
Residual fluorine may have detrimental effect on deposited 
film quality on subsequently processed substrates. Forming 
a layer of film in a chamber without a substrate present 
allows residual gases to react, form volatile compounds and 

15 be exhausted from the chamber. Additionally, particles 
remaining within the chamber will become entrapped in the 
deposited seasoning layer. In either case, the seasoning step 
ensures that unreacted or residual cleaning gases and 
by-products are removed from the chamber before resuming 

20 processing operations. In a representative embodiment such 
as a Tantalum deposition chamber, a layer of tantalum 
pentaoxide may be deposited on substrate support 28 and 
other interior surfaces of chamber 10 by flowing vaporized 
TAT-DMAE and an oxidizing gas into the chamber at a 

25 temperature of about 475° C. A representative seasoning 
layer for Ta 2 0 5 about 2500 A. The particular thickness and 
composition of a seasoning layer will vary depending on the 
chamber and type of film deposited. 
The final step of the present invention, block 310, is the 

30 resumption of processing operations is chamber 10. One 
such processing operation is the thermal deposition of 
tantalum pentaoxide by mixing a tantalum precursor with an 
oxidizing agent at approximately 450° C. Accordingly, a 
substrate is placed on resislively healed substrate support 28. 

35 Heater controller 44 adjusts the power provided heater 29 to 
maintain the substrate at an appropriate processing tempera- 
ture of about 450° C. Lift mechanism 42 positions substrate 
support 28 and the wafer thereupon in chamber 10 relative 
to showerhead 32 to a spacing of, for example, 400 mils. Gas 

40 supplies 46 and 48 of FIG. 1 contain a oxidizing gas such as 
oxygen or nitrous oxide and a tantalum precursor such as 
TAT-DMAE or TAETO. Valve and controller mechanism 50 
mixes and adjusts the flow rate of the tantalum and oxidizing 
gases and delivers them to chamber 10. The temperature of 

45 the substrate positioned on support 28 is sufficient to form 
tantalum pentaoxide from the incoming gas stream. 

An alternative method of the present invention may also 
be practiced within a single processing region of a chamber 
having multiple processing regions (e.g. first and second 

50 processing areas 24 and 26 of chamber 10) or in chambers 
having only a single processing region such as chamber 100 
of FIG. 7. The alternative method is practiced by adjusting 
the cleaning gas/inert gas ratio and the chamber pressure. 
Turning now to FIG. 7, an embodiment of a chamber having 

55 a single processing region can be better appreciated. 

FIG. 7 illustrates a representative chamber 100 having a 
single processing region. Chamber 100 could be an Ultima 
High Density Plasma (HDP) Chemical Vapor Deposition 
(CVD) chamber or Ultima HDP CVD™ chamber manufac- 

60 tured by Applied Materials, Inc. of Santa Clara, Calif. 
Chamber 100 is coupled to plasma generating apparatus 60 
and gas supplies 46 and 48. Chamber 100 has a chamber 
body 105 and a lid 110 that together form a pressure and 
temperature controlled processing region 107. Substrate 

65 support 125 has a top support surface 126 and is disposed 
within processing region 107. Support arm 130 is coupled to 
chamber body 105 and supports substrate support 125. 
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Pressure within processing region 107 is provided by turbo 
pump 140 and roughing pump 150. Throttle valve and gate 
valve assembly 135 separates processing region 107 from 
turbo pump 140 and roughing pump 150 and controls the 
pressure within processing region 107. Plasma apparatus 60 
and as well as other similarly numbered elements shown in 
FIG. 7 are the same as described above with regard to FIGS. 
1 and 5. Although, remote plasma apparatus 60 of FIG. 7 is 
a manual tuner controller 68, an automatic tuner controller 
could also be used to dissociate the cleaning gas. 

Gas supplies 48 and 46 could be any of a variety of 
process gases used to deposit commercial quality semicon- 
ductor films. Gas supplies 46, 48 and valve and controller 50 
could be configured to provide precursor material into 
processing region 107 in order to deposit silicon dioxide, 
silicon nitride, fluorine doped silicate glass (FSG) or other 
low dielectric constant films, phosphorus doped silicate 
glass (PSG) or other premetal dielectric films. Gases from 
gas supplies 48 and 46 flow through gas supply inlet 52 and 
then through chamber gas inlets 120. Induction coils 112 
provide RF energy to the portion of region 107 above 
substrate support top surface 126 for deposition processes 
conducted within chamber 100. The RF energy provided by 
coils 112 is used only for deposition processes and is not 
used during the remote cleaning processes of the present 
invention. In a typical plasma enhanced deposition reactor 
such as chamber 100 in FIG. 7, deposits would tend to form 
primarily in the area delineated by coils 112. The influence 
of coils 112 on deposition within processing region 107 
results in the highest concentrations of deposits occurring on 
the substrate support top surface 126 and along the sides of 
substrate support 125 and support arm 130. To a lesser 
extent, deposits also form on the interior surfaces of cham- 
ber lid 110 and chamber body 105. 

An alternative method of the present invention can be 
conducted in a single processing region of a chamber, can be 
better understood by turning to FIG. 8. FIG. 8 is a flow chart 
of the single processing region method of the present 
invention. 

First, as set forth in block 801 of flow diagram 800 in FIG. 
8, after forming deposits within the processing chamber and 
removing processed substrates from the chamber, initiate a 
plasma in the remote plasma apparatus. Since a manual tuner 
controller is used, the plasma is more readily initiated 
through the use of a plasma initiating gas. Plasma initiation 
could be accomplished by flowing an inert gas such as Ar 
through applicator 72 at a rate of about 1000 seem. After the 
pressure within chamber 100 rises above 600 mT, magnetron 
62 directs microwave energy to the Ar gas flow within 
applicator 72. Once the plasma is initiated, the cleaning gas 
is introduced by reducing the flow of the plasma initiating 
gas while increasing the flow of the cleaning gas. In a 
representative embodiment using Ar and NF 3 , Ar could be 
flowed at about 1000 seem with magnetron 62 producing 
microwave energy at about 3200 W to initiate a plasma. NF 3 
could then be introduced into applicator 72 at about 100 
seem. Shortly thereafter, the flow rate of the cleaning gas is 
increased while the flow rate of the inert gas is decreased. 
The result provides a sustained plasma in applicator 72 with 
the cleaning gas flowing through the applicator and being 
dissociated in the plasma. In a specific example where only 
the cleaning gas or NF 3 is desired, the Ar flow rate could be 
stopped after a stable plasma is formed with the NF 3 flow. 
Typically in manually tuned systems, Ar is introduced at 
about 1000 seem for plasma strike. The NF- is introduced 
and then the Ar flow is adjusted according to the desired 
Ar/NF 3 ratio. The plasma is now initiated and sustained with 
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only the cleaning gas being introduced and dissociated in 
applicator 72. It is to be understood that the above process 
is illustrative of initiating a plasma in a manual tune remote 
plasma system. An automatically tuned remote plasma sys- 
5 tem could also be employed to activate or dissociate the 
cleaning gas directly without first using an inert gas or other 
plasma initiating gas to initiate a plasma within applicator 
72. 

Next, as set forth in block 802, is to determine whether to 

J0 provide cleaning gas dilution. Cleaning gas dilution refers to 
the addition of an inert gas into the flow of the cleaning gas 
or reactive species producing gas. As step 802 indicates, the 
cleaning gas can be provided alone or in combination with 
an inert gas. If cleaning gas dilution is desired, the next step 
is set forth in block 811. If cleaning gas dilution is not 

13 desired, the next step is set forth in block 803. 

In the case where cleaning gas dilution is not desired, 
proceed to block 803 which provides an adjustment to the 
cleaning gas flow rate. In this step, the cleaning gas flow rate 
is adjusted to the desired cleaning step flow rate from the 

20 flow rate utilized during plasma initiation. The cleaning gas 
flow rate could vary depending, for example, upon on the 
cost of the cleaning gas to be consumed, the power capacity 
of magnetron 62 and the type of film deposit to be cleaned 
from the chamber. Recall that the power output of magne- 

25 tron 62 limits the rate of cleaning gas flow which can be 
completely or nearly completely dissociated. For example, it 
is believed that a magnetron 62 rated at 3500 W in a remole 
plasma apparatus 60 can achieve about 99% dissociation of 
a 1700 seem NF 3 gas flow. For a constant magnetron power 

30 of 3500 W, gas flows greater than 1700 seem could result in 
decreased dissociation percentages. For a given cleaning gas 
flow rate, lower magnetron power output levels could also 
result in lower dissociation percentages. For example, an 
NF 3 flow rate of 300 seem and a magnetron power of 500 W 

35 may produce only about 95% dissociation while an NF 3 flow 
rate of 1500 seem and a magnetron power of 3200 W may 
produce 99% or higher dissociation. After adjusting the 
cleaning gas flow rate to the desired rate, proceed to block 
804. 

40 In the case where cleaning gas dilution is desired, then a 
mixture of cleaning gas and inert gas is provided to the 
remote plasma applicator. Cleaning gas dilution could also 
be accomplished by flowing only the cleaning gas through 
applicator 72 with the inert gas being introduced down- 

45 stream of applicator 72. In this case, proceed as set forth in 
block 811 which provides an adjustment to the cleaning gas 
flow rate. As stated with regard to block 803, the cleaning 
gas can be adjusted to the desired rate. After adjusting the 
cleaning gas flow rate, the next step in cleaning gas dilution 

50 is to adjust the inert gas flow rate to the desired rate. The 
adjustment of the cleaning gas and the inert gas in blocks 
811 and 812 is achieved by valve and controllers 80 and 82 
of FIG. 7. One of ordinary skill will appreciate that the 
sequence of adjusting could be reversed so that the inert gas 

55 flow is altered before the cleaning gas flow or the gas flows 
could be adjusted nearly simultaneously. In an illustrative 
embodiment of the present invention where magnetron 62 
delivers 3200 W of microwave energy to applicator 72, the 
cleaning gas is NF 3 and the inert gas is Ar, representative 

60 flow rates for cleaning gas dilution according to the present 
invention could have a NF 3 /Ar flow ratio of one to one or, 
preferably, two to one. In a specific embodiment of the 
present invention, the Ar gas flow rate is 750 seem, the NF3 
flow rate is 1500 seem and the microwave energy directed 

65 to applicator 72 is 4500 W. 

After adjusting the cleaning gas flow rate according to 
block 803 or adjusting the cleaning gas and the inert gas 



US 6,274,058 Bl 

17 18 

flows according to blocks 811 and 812, the next step, as set the same gas flow to be provided to the chamber while 

forth in block 804, is to provide reactive species to the providing different pressures within chamber 100. For 

processing chamber. Regardless of whether or not cleaning example, determining not to modify the gas flow in block 

gas dilution is employed, cleaning gas dissociation occurs as 807 followed by deciding to modify chamber pressure in 

the cleaning gas passes through applicator 72 and is exposed 5 block 808 results in the previously determined compositions 

to the microwave energy generated by magnetron 62. So of reactive species or reactive species/inert gas mixture 

long as sufficient microwave energy is provided, cleaning being provided to processing region 107 under different 

gas provided into applicator 72 will dissociate and form pressure conditions. For example, the chamber might be 

reactive species. For example, if NF 3 is employed as a maintained at a constant pressure while providing a variety 

cleaning gas, the dissociation that occurs within applicator ]Q 0 f different gas flow combinations (e.g., in the case where no 

Me™*! rf °D UC f e reaC,1Ve F ' 50 u C n 2 ' 3nd ,raM «™? unts °i pressure adjustment is made in block 805 while opting to 

v. a l d efe ™S, a S ain 10 lhe illustrative embodiment of adjust gas flows in block 807) Alternatively, vari ous pres- 

chamber 100 i ,n FIG 7, reactive species exiting applicator 72 sures ^ be , d in chamber 100 wMe maintaining 

flow through supply line 88 past diverter 90 and into constant flow rates ^ in , he case where nQ flo * 

chamber supply line 52. From chamber supply line 52, modification is selected in block 807 but chamber pressure 

reactive species are provided to processing reg.on 107 via modification is selected at block 808 Mso anticipated ^ a 

chamber gas inlets 120. cleaning method which employs multiple pressures and 

Turning again to FIG. 8, the next step as set forth in block multiple gas flow combinations. As stated above, higher 

805, is to adjust the chamber pressure. One method to pressures generally result in shorter mean free paths for 

monitor the pressure within processing region 107 is to gases while lower pressures generally result in longer mean 

employ a capacitance manometer. The desired pressure free paths for gases For exarnp ie ; a higher pressure may be 

within processing regron 107 is obtained by adjusting the used for initial c i eanin g steps when deposits are greatest and 

position of throttle valve/gate valve assembly 135 to reactions between reactive species and deposits likely As 

increase or decrease the conductance between processing cleaning progresses and deposits are reduced lower pres- 

region 107 and pumps 140 and 150. Advantageous results sures can be employed to increase residence time thereby 

have been obtained in pressure ranges between 1 T and 4 T increasing the likelihood of reaction between the longer 

or preferably about 1.8 T and 3 T residence time reactive species and the remaining deposits. 

Next, as set forth in block 806, is to react reactive species Also contemplated in the method of the present invention is 
with and remove chamber deposits. Reactive species enter- the advantageous use of both cleaning gas dilution and low 
ing processing region 107 will combine with the deposits 3Q chamber pressure to increase the residence time and 
formed in processing region 107 to form volatile compounds decrease the recombination of the reactive species thereby 
that are exhausted from the chamber. In a typical plasma improving the chamber cleaning process, 
enhanced deposition reactor such as chamber 100 in FIG. 7, Af te r conducting desired gas flow and pressure combina- 
deposits would tend to form primarily in the area delineated tions provided through responses to blocks 807 and 808 the 
by coils 112. As a result of the influence of coils 112 on 35 next step as set forth in block 809 is to season the chamber, 
deposition processes conducted within processing region ^ Ascribed above with regard to a Tantalum disposition 
107, the highest concentrations ot deposits are believed to chamber, the quality and reliability of many deposition 
occur on the substrate support top surface 126 and along the processes are improved if steps are taken to remove from the 
sides ot substrate support 125 and support arm 130. Deposits processing region residual cleaning gases, reactive species 
also form on the interior surfaces of chamber lid 110 and 4Q and othe r volatile compounds created by the cleaning pro- 
chamber body 105. Reactive species entering processing cess described above. In the case where the subsequent 
regwn 107 react wUh the deposits, form volatile compounds processing operations include the deposition of silicon 
and are exhausted from processing region 107. m , ridej a layer of about 1000 A silicon nitride is deposited 

The next step, as set forth in block 807, is a decision within processing region 107. In the case of silicon dioxide, 

whether to modify gas flow. 45 fluorine doped silicate glass (FSG) or other low dielectric 

In the case where a different inert or cleaning gas flow is constant films (i.e. films having a dielectric constant below 
desired, return to block 802. At block 802, determine 4.0), phosphorus doped silicate glass (PSG) or other pre- 
whether cleaning gas dilution will be continued as in the metal dielectric films, a layer of about 1000 A of silicon 
case where dilution is in use, or will be implemented as in dioxide is deposited within processing region 107. 
the case where non-diluted cleaning gas was employed. 50 Block 810 of flow diagram 800 sets forth the last step of 
Based on adjustments made according to block 803, in the the present invention which is to resume chamber process- 
case of no cleaning gas dilution, or according to blocks 811 ing. The cleaning process of block 800 can be repeated as 
and 812, in the case of cleaning gas dilution, provide desired depending upon processing requirements. Represen- 
reactive species to the processing chamber (block 804) at the tative cleaning cycles for typical semiconductor fabrication 
adjusted flow rate. The modified gas flows are employed as ss processes include cleaning the chamber after three to five 
before and the chamber pressure can also be adjusted in substrates are processed or after about 3/<m of film has been 
block 805. Next, the reactive species can react with and deposited on substrates processed in chamber 100. 
remove deposits according to block 806. Once again, and for ^ description above with regard to FIG. 8 sets forth the 
as many times as necessary, a block 807 determination could steps of Wock diag ram 800 serially to provide a more 
be made to return to block 802 and repeat the above steps for 60 thr0 ugh understanding of the present invention. One of 
different gas flows and chamber pressures. ordinary skill m the art will appreciate that many of the steps 

Once the number of repetitions from block 807 to block may be conducted simultaneously or nearly simultaneously. 

802 are complete or in the case where no gas flow rate Other minor deviations within flow diagram 800 are also 

adjustment is desired, proceed to the next block which is within the scope of the present invention. For example, steps 

block 808. 65 gii and gj2 could be performed in reverse order such that 

The next step, as set forth in block 808, is to determine when cleaning gas dilution is desired, the inert gas flow is 

whether chamber pressure is to be modified. This step allows adjusted before the cleaning gas flow is adjusted. 
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Additionally, the chamber pressure may be adjusted (blocks inert gas or to provide cleaning gas alone. According to this 

805 and 808) before the determination of whether or not to specific example, gas flow and chamber pressure modifica- 

employ cleaning gas dilution (blocks 802, 811, 812 and tions according to blocks 807 and 808 are not desired. 

807). Instead, in accordance with block 809, the chamber is 

The method of the present invention set forth in flow s seasoned by depositing a layer of film before resuming 

diagram 800 can be better appreciated by considering the processing operations. For example, in a processing appa- 

following representative examples. In an embodiment of the ratus used to deposit FSG a layer of about 1000 A of Si0 2 

present invention, the processing chamber is maintained at may be deposited. In this specific example, the next step in 

a constant pressure while a cleaning gas is provided alone according to block 810 is to resume FSG deposition opera- 

and then in combination with an inert gas in accordance with 10 tions in the processing chamber. 

the present invention. The chamber could have been used for In another specific embodiment of the present invention, 

processing operations including the deposition of a low the cleaning method would employ at least two different 

dielectric constant (i.e. a dielectric constant less than 4.0). pressures along with cleaning gas alone and cleaning gas 

One such film is fluorine doped silicate glass (FSG). After diluted by an inert gas. Initially, a high pressure is used when 

conducting processing operations which form deposits 15 the amount of deposits is greatest followed by a low pressure 

within the processing chamber and removing the last wafer clean when the amount of deposits is reduced and dispersed 

processed, a 3200 W plasma could be initiated in the remote within the chamber. The chamber could have been used for 

plasma apparatus. An inert gas such as Argon could be used processing operations such as the deposition of a premetal 

to initiate the plasma if a manual tuned microwave generator dielectric. One such film is phosphorus doped silicon glass 

is employed. After initiation, a cleaning gas is provided to 20 (PSG). After conducting processing operations which form 

the remote plasma apparatus to generate reactive species. In deposits within the processing chamber and removing the 

this example, NF 3 is used and cleaning gas dilution (block last wafer processed, a 3200 W plasma could be initiated in 

802) is not employed in this portion of the process. Next, the remote plasma apparatus. As described above, an inert 

according to block 803 the cleaning gas flow rate is adjusted gas such as Argon could be used to initiate the plasma if a 

to the desired flow rate. In this example, NF 3 is provided at 2J manual tuned microwave generator is employed. After 

about 1500 seem. As the NF 3 dissociates and provides initiation, a cleaning gas is provided to the remote plasma 

reactive species to the processing chamber (block 804) the apparatus to generate reactive species. In this example, NF 3 

chamber pressure is maintained at a constant pressure of is used and cleaning gas dilution (block 802) is not 

about 3 Torr (block 805). Reactive species provided by the employed in this portion of the process. Next, according to 

dissociated cleaning gas react with the deposits formed 30 block 803 the cleaning gas flow rate is adjusted to the 

within the chamber to form volatile compounds that are desired flow rate. In this example, NF 3 is provided at about 

exhausted from the chamber (block 806). In this example the 1500 seem. As the NF 3 dissociates and provides reactive 

reactive species are reactive fluorine which removes FSG species to the processing chamber (block 804) the chamber 

deposits at between about 1.2/onin to 0.9,umin. In a process pressure is maintained at a constant pressure of about 3 Torr 

where the chamber is cleaned after 3 ,um of deposition 35 (block 805). Reactive species provided by the dissociated 

material is allowed to accumulate, this step lasts approxi- cleaning gas react with the deposits formed within the 

mately 75 to 100 seconds. chamber to form volatile compounds that are exhausted 

The next step in this example is to modify gas flow in from the chamber (block 806). 

response to block 807 and employ cleaning gas dilution in The next step in this representative remote clean process 

response to block 802. In response to blocks 811 and 812, 40 of the present invention is to modify the gas flow in response 

the cleaning gas and inert gas flows are adjusted and to block 807 and employ cleaning gas dilution in response 

maintained at a level such that complete or nearly complete to block 802. In response to blocks 811 and 812, the cleaning 

dissociation occurs in applicator 72. In this example, the gas and inert gas flows are adjusted. In this example where 

cleaning gas is NF 3 and inert gas is Argon and they are the cleaning gas is NF 3 and inert gas is Argon, the gases 

provided in a 1:1 ratio, where NF 3 could be adjusted to 750 45 could be provided in a 1:1 ratio such as where NF 3 is 750 

seem while Ar is adjusted to 750 seem. Alternatively, seem and Ar is 750 seem. Alternatively, better cleaning 

advantageous results may be obtained by providing a 2:1 uniformity may be obtained by providing a 2:1 ratio between 

ratio between the cleaning gas and the inert gas. Again using the cleaning gas and the inert gas as in where the gas flows 

NF3 and Ar as examples, the flows could be adjusted to are adjusted to provide 1000 seem NF 3 and 500 seem Ar or, 

provide 1000 seem NF3 while providing 500 seem Ar. In 50 preferably, 1500 seem NF 3 and 750 seem Ar. As in the 

both the 1:1 and 2:1 ratio examples where the cleaning gas previous example, total flow through applicator 72 and 

is NF3 or other gas with a similar dissociation energy microwave power are maintained at a level where complete 

requirement, the total flow rate through applicator 72 is 1500 or nearly complete dissociation of the cleaning gas is 

seem which if employed with a 3500 W output from achieved. 

magnetron 62 is believed to produce complete or nearly 55 As the cleaning gas inert gas mixture dissociates and 

complete (i.e. about 99%) dissociation of the cleaning gas. provides reactive species to the processing chamber (block 

As the cleaning gas, in this example NF 3 , dissociates and 804) the chamber pressure is decreased to a pressure of 

provides reactive species to the processing chamber (block about 1.8 Torr (block 805). Reactive species have a longer 

804) the chamber pressure is maintained at a constant residence time at the lower pressure thereby increasing the 

pressure of about 3 Torr (block 805). Reactive species 60 likelihood that they will react with the remaining deposits 

provided by the dissociated cleaning gas react with the formed within the chamber to form volatile compounds that 

deposits formed within the chamber to form volatile com- are exhausted from the chamber (block 806). 

pounds that are exhausted from the chamber (block 806). After the removal of deposits conducted in accordance 

Next, after the removal of deposits conducted in accor- with block 806 is complete, the chamber is seasoned by 

dance with block 806 is complete, then the cleaning gas and 65 depositing a layer of film in accordance with block 809 

inert gas flows could be modified according to blocks 807 before resuming processing operations. For example, in a 

and 802 to provide another combination of cleaning gas and processing apparatus used to deposit PSG a layer of about 
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1000 A of Si0 2 may be deposited in processing region 107 
while no substrate is present within region 107. Next accord- 
ing to block 810, resume the deposition of PSG films on 
substrates in the processing chamber. 

In addition to the above specific embodiments, it is 
anticipated that several gas flow rates and chamber pressures 
may be employed and modified through successive itera- 
tions of the steps in block diagram 800. It is also anticipated 
that the methods of block diagram 800 may be employed 
with the methods of block diagram 300. One result illustra- 
tive of such a combined method would be the employment 
of the gas mixing and chamber pressure adjustments of 
block diagram 800 into the multiple interior regions formed 
within a processing reactor 10. 

Referring now to FIGS. 9, 10 and 11, the advantageous 
cleaning rate and cleaning uniformity achieved by a method 
of the present invention set forth in FIG. 3 can be better 
appreciated. The results illustrated in FIGS. 9, 10 and 11 
were obtained by measuring the initial thickness and uni- 
formity of a Si0 2 film deposited on several 200 mm wafers 
then exposing those wafers to different process conditions 
within a chamber 10 to determine the effect of the different 
process conditions on cleaning rate and uniformity. After 
exposure to a particular cleaning process environment, film 
thickness and uniformity was again measured and compared 
to the original thickness and uniformity. Each graph repre- 
sents a different variable such as various Ar flow rates in 
FIG. 9, various NF 3 flow rates in FIG. 10 and various 
chamber pressures in FIG. 11. 

FIG. 9 represents the effect of increased Argon flow rate 
on clean rate and uniformity while chamber pressure and 
NF 3 flow are constant. While maintaining a chamber pres- 
sure of 2 Torr and a NF 3 flow rate of 200 seem, Ar flow was 
varied from 0 to 1000 seem. The flow rate of 400 seem 
provided the highest clean rate of about 7500 A/min and the 
lowest uniformity of about 11%. As Ar flow rate increased 
above 400 seem or as the NF 3 flow is further diluted by the 
higher Ar flow, the cleaning rate decreased to between about 
4100 and 5800 A/min while the uniformity increased to as 
much as 35%. As the Ar flow decreased below 400 seem the 
cleaning rate decreased below 7500 A/min to as low as 6000 
A/min while the clean uniformity increased to between 12% 
to 25%. 

FIG. 10 represents the effect of increased NF 3 flow on 
cleaning rate and uniformity. While maintaining chamber 
pressure at 2 Torr and Ar flow rate at 400 seem, NF 3 flow 
rate was increased from 0 seem to 400 seem. At 200 seem 
of NF 3 , the cleaning rate was about 7500 A/min with a clean 
uniformity of about 10%. Increasing NF 3 flow above 200 
seem led to a decreased clean rate of about 6000 A/min and 
an increased clean uniformity of about 15%. Decreasing the 
NF 3 flow rate below 200 seem decreased the cleaning rate to 
about 3000 A/min while increasing the clean uniformity to 
between 20% to 30%. 

FIG. 11 represents the effect of chamber pressure on 
cleaning rate and clean uniformity for constant Ar and NF 3 
flow rates. At 2 Torr chamber pressure the clean uniformity 
was about 10% while the clean rate was about 7500 A/min. 
At pressures below 2 Torr the clean uniformity is only 
moderately increased however the cleaning rate decreases to 
about 300 A/min. At pressures above 2 Torr, the uniformity 
is above 20% while the cleaning rate is only about 3000 
A/min. A higher cleaning rate is indicative of a more rapid 
clean and a low cleaning uniformity indicates that the 
cleaning radicals are more evenly applied throughout the 
chamber interior thereby reducing the likelihood that some 
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chamber components may be overcleaned and damaged. 
Thus, a review of the results obtained and illustrated in 
FIGS. 9, 10 and 11, an advantageous clean having the 
highest cleaning rate and lowest uniformity could be 

5 achieved using the methods of the present invention in a 
chamber 10 at a pressure of 2 Torr and Ar/NF 3 mixture 
activated in applicator 72 and provided to the chamber in a 
2:1 ratio or the specific embodiment of 400 seem Ar and 200 
seem of NF 3 and a microwave power of 1400 Watts. 

10 FIG. 12 represents alternative results obtained in a test 
conducted in a chamber similar to chamber 100 of FIG. 7. 
In this test a silicon dioxide film was deposited on a 300 mm 
wafer and the initial thickness and uniformity of the film was 
measured. The wafer was then placed in a chamber 100 and 

15 exposed to cleaning process conditions similar to the clean- 
ing method set forth in FIG. 8. After conducting the cleaning 
process, the wafer was removed from the chamber and the 
thickness and uniformity of the film was again measured. 
These post cleaning measurements are illustrated in FIG. 12. 

20 The method of FIG. 8 was conducted in a chamber 100 with 
a 1:2 Ar/NF 3 ratio, in this embodiment a 750 seem Ar flow 
and 1500 seem NF 3 flow were used, with a microwave 
power of 4500 Watts and a chamber pressure of 3 Torr. This 
specific embodiment of the method of FIG. 8 achieved a 

25 cleaning uniformity of 4.34% and a cleaning rate of 2000 
A/min. 

While specific embodiments of the invention have been 
shown and described, further modifications and improve- 
ments will occur to those skilled in the art. It is desired that 
30 it be understood, therefore, that the invention is not limited 
to the particular form shown and it is intended in the 
appended claims which follow to cover all modifications 
which do not depart from the spirit and scope of the 

35 We claim: 

1. A method of cleaning from a processing chamber 
deposits formed on interior surfaces of the processing cham- 
ber wherein said processing chamber interior surfaces 
include a first region and a second region said second region 

40 being different from said first region, said method compris- 
ing the steps of: 
(a) dissociating a gas mixture outside said processing 
chamber to form reactive species, said gas mixture 
comprising an inert gas and a cleaning gas; 
45 (b) providing said reactive species to said processing 
chamber; 

(c) reacting said reactive species with said deposits in said 
processing chamber first region; 
_ o (d) forming volatile compounds from said deposits 
formed in said processing chamber first region; 
(e) removing from said processing chamber said volatile 
compounds formed from deposits formed in said pro- 
cessing chamber first region; 
55 (f) increasing the fluid communication between said pro- 
cessing chamber first and second regions; 

(g) reacting said reactive species with said deposits in said 
processing chamber second region; 

(h) forming volatile compounds from said deposits 
60 formed in said processing chamber second region; and 

(i) removing from said processing chamber said volatile 
compounds formed from deposits formed in said pro- 
cessing chamber second region. 

2. The method according to claim 1 wherein the ratio of 
65 said inert gas to said cleaning gas is about 2 to 1. 

3. The method according to claim 1 wherein said step of 
dissociating a gas mixture outside said processing chamber 
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to form reactive species is conducted in a microwave 
powered remote plasma apparatus. 

4. The method of claim 1 wherein said step of reacting 
said reactive species with deposits formed in said processing 
chamber first region is performed at a first pressure and said 
step of reacting said reactive species with deposits formed in 
said processing chamber second region is performed at a 
second pressure wherein said second pressure is different 
from said first pressure. 

5. The method of claim 2 wherein said first gas is an inert 
gas and said second gas is a halogenated gas. 

6. The method of claim 5 wherein said halogenated gas is 
NF 3 . 

7. The method according to claim 3 wherein said micro- 
wave power causes more than 99% dissociation of said 
cleaning gas within said gas mixture. 

8. The method of claim 4 wherein said first pressure is 
greater than said second pressure. 

9. The method of claim 4 wherein said first pressure is 
about twice the second pressure. 

10. The method of claim 4 wherein said first pressure is 
about 2 Torr. 

11. A method of removing deposits formed in a processing 
chamber as a result of deposition operations performed on a 
substrate disposed within the processing chamber, the 
method comprising the steps of: 

(a) activating a cleaning gas in a remote chamber separate 
from said processing chamber to form reactive species 
from said cleaning gas; 

(b) providing an inert gas which mixes with said reactive 
species to form a gas mixture comprising reactive 
species; 

(c) providing said gas mixture to said processing chamber 
while maintaining said processing chamber at a first 
pressure; 

(d) while maintaining said processing chamber at said first 
pressure, reacting said reactive species with said depos- 
its to form volatile compounds and thereafter removing 
from said processing chamber said volatile compounds 
formed at said first pressure; 

(e) providing said gas mixture comprising reactive species 
to said processing chamber while maintaining said 
processing chamber at a second pressure that is differ- 
ent from said first pressure; 

(f) while maintaining said processing chamber at said 
second pressure, reacting said reactive species with 
said deposits to form volatile compounds and thereafter 
removing from said processing chamber said volatile 
compounds formed at said second pressure; and 

(g) conducting processing operations in said processing 
chamber to form a film on interior surfaces of said 
processing chamber without a substrate disposed 
within said chamber. 

12. A method according to claim 11 wherein said second 
pressure is lower than said first pressure. 

13. A method according to claim 11 wherein said second 
pressure is about half of said first pressure. 

14. A method according to claim 11 wherein the step of 
providing an inert gas which mixes with said reactive 
species to form a gas mixture comprising reactive species 
further comprises an inert gas flow rate that is twice the flow 
rate of the cleaning gas used to form reactive species. 



1,058 Bl 

24 

15. A method according to claim 11 further comprising the 
step of providing said gas mixture comprising reactive 
species to a first processing region of said processing 
chamber while maintaining said first pressure and providing 
said gas mixture comprising reactive species to a second 
processing region different from said first processing region 
while maintaining said second pressure in said processing 
chamber. 

( 16. A method of removing deposits comprising Tantalum 
formed on interior surfaces of a processing chamber as a 
result of substrate processing operations conducted to 
deposit a film comprising Tantalum on a substrate, said 
processing chamber comprising a first processing region and 
15 a second processing region different from said first process- 
ing region, the method comprising the steps of: 

(a) initialing a plasma in a remote chamber outside of said 
processing chamber; 

(b) activating said cleaning gas with said plasma to 
20 generate reactive species from said cleaning gas; 

(c) providing an inert gas that mixes with said reactive 
species forming a gas mixture comprising inert gas and 
reactive species; 

25 (d) providing said gas mixture to the first processing 
region within said processing chamber; 

(e) while maintaining said processing chamber at a first 
pressure, reacting said reactive species with said film 
comprising Tantalum within said first processing region 

30 to form volatile compounds; 

(f) removing said volatile compounds formed within said 
first processing region from said processing chamber; 

(g) increasing the fluid communication between said first 
35 and said second processing regions; 

(h) providing said gas mixture to a second processing 
region within said processing chamber; 

(i) while maintaining said processing chamber at a second 
pressure, reacting said reactive species with said film 

40 comprising Tantalum within said second processing 
region to form volatile compounds; and 
0) removing said volatile compounds formed within said 
second processing region from said processing cham- 
ber. 

17. The method according to claim 16 comprising the 
further step following step (j) of conducting processing 
operations in said processing chamber without a substrate 
present in said chamber to form a film comprising Tantalum 

_ Q on interior surfaces of said processing chamber wherein said 
5 processing operations are conducted after removing from 
said processing chamber said volatile compounds formed 
from said first and second processing regions. 

18. The method according to claim 16 wherein said 
cleaning gas is a halogen. 

5 19. The method according to claim 16 wherein said 
cleaning gas comprises fluorine. 

20. The method according to claim 16 wherein said 
cleaning gas is NF 3 . 

21. The method according to claim 16 wherein said inert 
60 gas is selected from the group consisting of Ar, Xe, Ne, He, 

and N 2 . 
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ABSTRACT 



A system for processing substrates within a chamber and for 
cleaning accumulated material from chamber components is 
provided. The system includes a reactive species generator 
adapted to generate a reactive gas species for chemically 
etching accumulated material from chamber components, 
and a processing chamber having at least one fluoropolymer 
coated component which is exposed to the reactive species. 
Preferably to have the greatest impact on chamber cleaning 
efficiency, the fluoropolymer coated component(s) are large 
components such as a gas distribution plate or a backing 
plate, and/or a plurality of smaller components (e.g., a 
shadow frame, chamber wall liners, a susceptor, a gas 
conductance line) so as to constitute a large percentage of 
the surface area exposed to the reactive species. Most 
preferably all surfaces which the reactive species contacts 
are coated with fluoropolymer. 
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METHOD AND APPARATUS FOR ENHANCED 
CHAMBER CLEANING 

FIELD OF THE INVENTION 

[0001] The present invention relates to an improved 
method and apparatus for enhancing chamber cleaning rates. 
More specifically, the present invention relates to a method 
and apparatus for enhancing the effective etch rate of a 
reactive chemical species which etches accumulated mate- 
rials from process chamber components. 

BACKGROUND OF THE INVENTION 

[0002] The manufacture of liquid crystal displays, flat 
panel displays, thin film transistors and other semiconductor 
devices occurs within a plurality of chambers, each of which 
is designed to perform a specific process on the substrate. 
Many of these processes can result in an accumulation of 
material (e.g., material deposited on the substrate in layers, 
such as by chemical vapor deposition, physical vapor depo- 
sition, thermal evaporation, material etched from substrate 
surfaces, and the like) on chamber surfaces. Such accumu- 
lated material can crumble from the chamber surfaces and 
contaminate the sensitive devices being processed therein. 
Accordingly, process chambers must be cleaned of accumu- 
lated materials frequently (e.g., every 1-6 substrates). 
[0003] To clean chamber surfaces, an in-situ dry cleaning 
process is preferred. In an in-situ dry cleaning process one 
or more gases are dissociated to form one or more reactive 
gas species (e.g., fluorine ions, radicals). The reactive spe- 
cies clean chamber surfaces by forming volatile compounds 
with the material accumulated on those surfaces. Unfortu- 
nately, as described further below, such chamber cleaning 
processes conventionally require considerable time and con- 
sume considerable amounts of cleaning gases, and thus 
undesirably increase the cost per substrate processed within 
a processing chamber. Further, large cleaning rate variations 
often are observed between processing chambers cleaned by 
identical cleaning processes. Accordingly, there is a need for 
an improved method and apparatus for etching accumulated 
material from chamber surfaces. 

SUMMARY OF THE INVENTION 

[0004] The present inventors have discovered that cham- 
ber cleaning rates may be increased by as much as 20-100% 
when chamber surfaces exposed to reactive cleaning gas 
species are coated with a fluoropolymer (e.g., polytetrafluo- 
roethylene (PTFE), a tetrafluoroethylene and hexafluoropro- 
pylene copolymer (FEP), a copolymer of tetrafluoroethylene 
and perfluoropropylvinyl ether (PFA)). The present inven- 
tion therefore comprises a system for processing substrates 
within a chamber and for cleaning accumulated material 
from chamber components. The system includes a reactive 
species generator adapted to generate a reactive gas species 
for chemically etching accumulated material from chamber 
components, and a processing chamber having at least one 
flouropolymer coated component which is exposed to the 
reactive species. Preferably to have the greatest impact on 
chamber cleaning efficiency, the fluoropolymer coated com- 
ponents) include large components such as a gas distribu- 
tion plate or a backing plate, and/or a plurality of smaller 
components (e.g., the chamber's shadow frame, wall liners, 
susceptor, gas conductance line, etc.) so as to constitute a 



large percentage of the surface area exposed to the reactive 
species. Most preferably all surfaces which the reactive 
species contacts are coated with a fluoropolymer. 
[0005] By coaling exposed chamber components with 
PTFE, FEP or PFA, not only have cleaning rate enhance- 
ments been observed, cleaning rate variations between pro- 
cessing chambers can be virtually eliminated, process cham- 
ber throughput increased significantly and the amount of 
precursor gas required for cleaning reduced. Because of the 
high costs associated with precursor gases such as NF 3 , both 
monetarily and environmentally (e.g., global warming), any 
reduction in precursor gas consumption is beneficial. 
[0006] Other objects, features and advantages of the 
present invention will become more fully apparent from the 
following detailed description of the preferred embodi- 
ments, the appended claims and the accompanying draw- 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1 is a side elevational view of a processing 
system configured in accordance with the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0008] FIG. 1 is a side elevational view of a processing 
system 10 configured in accordance with the present inven- 
tion. Any suitable processing system may be modified as 
described herein such as a model AKT-1600 PECVD System 
manufactured by Applied Kamatsu Technology and 
described in U.S. Pat. No. 5,788,778, which is hereby 
incorporated by reference herein in its entirety, the GIGA- 
FILL™ processing system manufactured by Applied Mate- 
rials, Inc. and described in U.S. Pat. No. 5,812,403, which 
is hereby incorporated by reference herein in its entirety, 
thermal deposition chambers and the like. For convenience 
an AKT-1600 PECVD System configured in accordance 
with the present invention is shown in FIG. 1. The AKT- 
1600 PECVD System is designed for fabricating active- 
matrix liquid crystal displays and may be used to deposit 
amorphous silicon, silicon dioxide, silicon oxynitrides and 
silicon nitride as is known in the art. 
[0009] With reference to FIG. 1, the processing system 10 
comprises a deposition chamber 11 having a gas distribution 
plate 12 having apertures I2a-u and a backing plate 13 
adapted to deliver process gases and cleaning gases into the 
deposition chamber 11, and a susceptor 14 for supporting a 
substrate 16 to be processed within the deposition chamber 
11. The susceptor 14 includes a heater element 18 (e.g., a 
resistive heater) coupled to a heater control 20 for elevating 
the temperature of the substrate 16 to a processing tempera- 
ture and for maintaining the substrate 16 at the processing 
temperature during processing. A lift mechanism 22 is 
coupled to the susceptor 14 via a lift member 24 to allow the 
substrate 16 to be lifted from the susceptor 14. Specifically, 
a plurality of lift pins 26 (fixedly held by a lift pin holder 28) 
penetrate the susceptor 14 (via a plurality of lift pin apertures 
30) so as to contact and lift the substrate 16 from the 
susceptor 14 when the susceptor 14 is lowered by the lift 
mechanism 22. The deposition chamber 11 further com- 
prises a chamber wall liner 29 which blocks material from 
accumulating on the chamber wall and which can be 
removed and cleaned, and a shadow frame 31 which over- 
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hangs the substrate's edge and thereby prevents material 
from depositing or accumulating on the wafer's edge. 
[0010] In addition to their above described functions, the 
gas distribution plate 12 and the susceptor 14 also serve as 
parallel plate upper and lower electrodes, respectively, for 
generating a plasma within the deposition chamber 11. For 
example, the susceptor 14 may be grounded and the gas 
distribution plate 12 coupled to an RF generator 32 via a 
matching network 34. An RF plasma thereby may be gen- 
erated between the gas distribution plate 12 and the suscep- 
tor 14 through application of RF power supplied thereto by 
the RF generator 32 via the matching network 34. A vacuum 
pump 36 is coupled to the deposition chamber 11 for 
evacuating/pumping the same before, during or after pro- 
cessing as required. 

[0011] The processing system 10 further comprises a first 
gas supply system 38 coupled to an inlet 40 of the deposition 
chamber 11 for supplying process gases thereto through the 
backing plate 13 and the gas distribution plate 12. The first 
gas supply system 38 comprises a valve controller system 42 
(e.g., computer controlled mass flow controllers, flow 
meters, etc.) coupled to the inlet 40 of the deposition 
chamber 11, and a plurality of process gas sources 44a, 44b 
coupled to the valve controller system 42. The valve con- 
troller system 42 regulates the flow of process gases to the 
deposition chamber 11. The specific process gases employed 
depend on the materials being deposited within the deposi- 
tion chamber 11. 

[0012] In addition to the first gas supply system 38, the 
processing system 10 comprises a second gas supply system 
46 coupled to the inlet 40 of the deposition chamber 11 (via 
a gas conductance line 48) for supplying cleaning gases 
thereto during cleaning of the deposition chamber 11 (e.g., 
to remove accumulated material from the various interior 
surfaces of the chamber 11). The second gas supply system 
46 comprises a remote plasma chamber 50 coupled to the 
gas conductance line 48 and a precursor gas source 52 and 
a minor carrier gas source 54 coupled to the remote plasma 
chamber 50 via a valve controller system 56 and a valve 
controller system 58, respectively. Typical precursor clean- 
ing gases include NF 3 , CF 4 , SF 6 , C 2 F 6 , CC1 4 , C 2 CI 6 , etc., as 
are well known in the art. The minor carrier gas, if 
employed, may comprise any non-reactive gas compatible 
with the cleaning process being employed (e.g., argon, 
helium, hydrogen, nitrogen, oxygen, etc.). The precursor and 
minor carrier gas sources 52, 54 may comprise a single gas 
source if desired. 

[0013] A high power microwave generator 60 supplies 
microwave power to the remote plasma chamber 50 to 
activate the precursor gas within the remote activation 
chamber (as described below). A flow restrictor 62 prefer- 
ably is placed along the gas conductance line 48 to allow a 
pressure differential to be maintained between the remote 
plasma chamber 50 and the deposition chamber 11. 

[0014] During cleaning of the deposition chamber 11, a 
precursor gas is delivered to the remote plasma chamber 50 
from the precursor gas source 52. The flow rate of the 
precursor gas is set by the valve controller system 56. The 
high power microwave generator 60 delivers microwave 
power to the remote plasma chamber 50 and activates the 
precursor gas to form one or more reactive species (e.g., 
fluorine radicals) which travel to the deposition chamber 11 



through the gas conductance line 48. The one or more 
reactive species then travel through the inlet 40, through the 
backing plate 13, through the gas distribution plate 12 and 
into the deposition chamber 11. A minor carrier gas may be 
supplied to the remote plasma chamber 50 from the minor 
carrier gas source 54 to aid in transport of the one or more 
reactive species to the chamber 11 and/or to assist in 
chamber cleaning or plasma initiation/stabilization within 
the deposition chamber 11 if an RF plasma is employed 
during chamber cleaning. 

[0015] Exemplary cleaning process parameters for the 
deposition chamber 11 when an NF-, precursor cleaning gas 
is employed include a precursor gas flow rate of about 2 
liters per minute and a deposition chamber pressure of about 
0.5 Torr. A microwave power of 3-12 kW, preferably 5 kW, 
is supplied to the remote plasma chamber 50 by the high 
power microwave generator 60 to activate the NF 3 precursor 
gas. Preferably the remote plasma chamber 50 is held at a 
pressure of at least 4.5 Torr and preferably about 6 Torr. 
Other cleaning process parameter ranges/chemistries are 
described in previously incorporated U.S. Pat. No. 5,788, 
778. 

[0016] As previously described, common problems with 
conventional cleaning processes include low cleaning rates 
and large variations in cleaning rates between process cham- 
bers. The present inventors have discovered that cleaning 
rates and cleaning rate variations between chambers are 
dependent on the internal chamber surface condition, and 
that all internal surfaces between a remote plasma source 
(e.g., remote plasma chamber 50) and a chamber (e.g., 
deposition chamber 11) ("downstream surfaces") affect 
cleaning rates. Specifically, a surface controlled deactivation 
process is believed to cause reactive species employed 
during cleaning (e.g., active etchant species such as F 
radicals) to combine to form non-reactive species (e.g., F 2 in 
the case of F radicals) which do not assist in chamber 
cleaning. This surface controlled deactivation process 
appears to occur at many material surfaces including both 
bare and anodized aluminum surfaces. 

[0017] The present inventors have found that by coating 
one or more downstream components with PTFE, FEP or 
PFA, known generally as fluoropolymers, significantly 
higher cleaning rates are achieved and cleaning rate varia- 
tions between chambers are virtually eliminated. Compo- 
nents found to have the most significant affect on cleaning 
performance include a chamber's gas distribution plate and 
backing plate. Components found to have a slight affect on 
cleaning performance include a chamber's shadow frame, 
wall liners, susceptor and gas conductance line. Components 
found to have little effect on cleaning performance include 
a chamber's microwave power supply, magnetron and 
microwave applicator. In order to affect an improvement in 
chamber cleaning rates, a certain percentage of the chamber 
components should be coated with a fluoropolymer. 
Although this percentage may vary, higher percentages are 
preferred to achieve faster cleaning rates, with 100% coating 
of exposed surfaces being most preferred. Note that an 
increase in cleaning rate (e.g., up to 15%) also can be 
achieved by using an RF plasma within a processing cham- 
ber in conjunction with a remote plasma source, i.e., by 
powering electrode 12 to form the radicalized gases entering 
from the remote plasma source, or secondarily introducing 
cleaning gases into a plasma. However, applied RF power 
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should be limited to avoid damage to processing chamber 
components due to ion bombardment. 

[0018] With reference to the processing system 11 of FIG. 
1, to affect increased cleaning rate and reduced cleaning rate 
variations between the deposition chamber 11 and other 
deposition chambers (not shown), one or more downstream 
components of the processing system 11 are coated with a 
polytetrafluoroethylene (PTFE), a tetrafluoroethylene and 
hexafluoropropylene copolymer (FEP), or a copolymer of 
tetrafluoroethylene and perfluoropropylvinyl ether coating 
("fluoropolymer coating 64"). As shown in FIG. 1, the 
interior surfaces of the deposition chamber 11, the gas 
distribution plate 12 the backing plate 13, the susceptor 14, 
the inlet 40, the gas conductance line 48, the chamber wall 
liner 29 and the shadow frame 31 are coated with the 
protective coating 64. Fewer components may be coated 
with the fluoropolymer coating 64 if desired. 

[0019] With respect to the PECVD deposition chamber 11 
of FIG. 1, the fluoropolymer coating 64 significantly 
increases the cleaning rate and significantly reduces cham- 
ber-to-chamber cleaning rate variations while neither pro- 
ducing process drift nor changes in the properties of PECVD 
films deposited within the deposition chamber 11. The 
fluoropolymer coating 64 is believed to cover surface 
adsorption sites at which the surface controlled deactivation 
process is believed to occur (e.g., maintaining a high and a 
uniform F radical concentration) and is also believed to 
reduce the amount of material deposited on component 
surfaces of the deposition chamber 11 during processing 
therein (e.g., reducing the amount of material that must be 
cleaned from component surfaces and the time required for 
material removal during cleaning). 

[0020] The inventive fluoropolymer coating may be 
applied either in-situ or ex-situ. For in-situ application of 
PTFE coatings, a precursor gas such as CHF 3 may be 
employed to coat process chamber components using either 
a microwave or RF plasma. For example, within the pro- 
cessing system 10, a CHF 3 precursor gas source 52 may feed 
CHF 3 to the remote plasma chamber 50 wherein microwave 
power applied via the high power microwave generator 60 
dissociates the CHF 3 into CF 2 and HF. The CF 2 and HF 
travel to the deposition chamber 11, and, en route, the CF 2 
forms a fluoropolymer coating on the gas conductance line 
48, the flow restrictor 59, the inlet 40, the backing plate 13, 
the gas distribution plate 12, the susceptor 14 and the interior 
surfaces of the deposition chamber 11. Alternatively, CHF 3 
(and, if desired, CF 2 from the remote plasma chamber 50) 
may be flowed into the deposition chamber 11 while an RF 
plasma is generated within the deposition chamber 11 via the 
RF generator 32. As with the microwave plasma of the 
remote plasma chamber 50, the RF plasma within the 
deposition chamber 11 will dissociate CHF 3 into CF 2 which 
in turn will coat chamber components with a fluoropolymer 
coating. Thereafter, the chamber 11 may be heated (e.g., via 
the heater control 20 and the resistive heating element 18 or 
via any conventional heating mechanism capable of heating 
the entire chamber to the desired temperature) so as to 
melt/refiow the fluoropolymer coating. Preferably a heater 
temperature of about 500-800° F. is employed. In this 
manner, a uniform fluoropolymer coating, preferably about 
0.5-10 /urn in thickness, is formed on the chamber compo- 



[0021] For ex-situ application of protective coatings, 
chamber components such as the gas distribution plate 12 
and the backing plate 13 preferably are uniformly coated 
with a thin layer (e.g., about 0.5 to 10 microns) of a PTFE, 
a FEP- or a PFA-contained in a solution or suspension fluid 
such as water, isopropyl alcohol, etc. After a few minutes of 
air drying or after an oven bake at 500-800° F. heater 
temperature, the chamber components may be reinstalled 
within the processing chamber. Care should be taken to 
prevent clogging of the small gas injection holes of the gas 
distribution plate due to capillary effect. 

[0022] It should be noted that the inventive protective 
coating described herein differs from flouropolymers which 
undesirably accumulate over time on chamber surfaces as a 
result of fiouropoly mer deposition on a underlying substrate, 
or which are formed as a byproduct of certain CVD pro- 
cesses (i.e., are not continuously formed), in that such 
undesirably accumulated material is characteristically non- 
uniform, often exhibiting both areas of thick accumulation 
which can crumble from chamber surfaces, and areas where 
no material accumulates. Accordingly, such undesirable 
byproduct and deposited material accumulation must be 
cleaned from chamber surfaces. However, these undesirable 
fluoropolymer accumulations do not react with reactive 
fluorine gas species and therefore must be cleaned by other, 
less efficient means. 

[0023] By coating downstream chamber components with 
PTFE, FEP or PFA, cleaning rale enhancements of as much 
as 100% have been observed, and cleaning rale variations 
between processing chambers have been virtually elimi- 
nated. Accordingly, process chamber throughput increases 
significantly with use of the present invention, and the 
amount of precursor gas required for cleaning is reduced. 
Because of the high costs associated with precursor gases 
such as NF 3 , both monetarily (e.g. NF 3 presently costs 
SlOO/lb) and environmentally (e.g., NF 3 is a "global warm- 
ing" gas,) reduction in precursor gas consumption is 
extremely beneficial. Moreover, flouropolymers are non- 
brittle, inexpensive and easy to apply, unlike coatings (e.g., 
AIF 3 ) which conventionally have been applied to prevent 
corrosion of chamber surfaces or to prevent accumulated 
material from crumbling therefrom. 

[0024] The foregoing description discloses only the pre- 
ferred embodiments of the invention, modifications of the 
above disclosed apparatus and method which fall within the 
scope of the invention will be readily apparent to those of 
ordinary skill in the art. For instance, while the present 
invention has been described with reference to a PECVD 
chamber, it will be understood that the invention has appli- 
cability to a wide variety of process chambers including 
thermal deposition chambers. Additionally, cleaning pro- 
cesses employing reactive species (e.g., reactive species 
generated by an RF plasma within a process chamber, or 
remote plasma source generated reactive species etc.) may 
be improved by employing the fluoropolymer coatings 
described herein. Finally, although any fluoropolymer is 
believed to enhance cleaning when applied as described 
herein, the fluoropolymers PTFE, FEP and PFA have been 
found to significantly enhance cleaning and are preferred. 

[0025] Accordingly, while the present invention has been 
disclosed in connection with the preferred embodiments 
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thereof, it should be understood that other embodiments may 
fall within the spirit and scope of the invention, as denned 
by the following claims. 

The invention claimed is: 

1. A gas distribution plate adapted to distribute gas as the 
gas flows into a processing chamber, the gas distribution 
plate comprising: 

a base having a plurality of apertures formed therein; and 

a continuously formed fiuoropolymer coating over the 
base material. 

2. The apparatus of claim 1 wherein the fiuoropolymer 
coating is approximately 0.5-10 fim thick. 

3. A backing plate adapted to distribute gas as the gas 
flows into a processing chamber, the backing plate compris- 
ing: 

interior surfaces that are exposed to gas entering the 
chamber; and 

a fiuoropolymer coating over a portion of the interior 
surfaces. 

4. The apparatus of claim 3 wherein the fiuoropolymer 
coating is approximately 0.5-10 ,wm thick. 

5. A system for processing a substrate within a chamber 
and for cleaning accumulated material layers from compo- 
nents of the chamber, comprising: 

a reactive species generator adapted to generate a reactive 
species for chemically etching accumulated material; 
and 

a processing chamber coupled to the reactive species 
generator and having at least one component having a 
continuously formed fiuoropolymer coating thereon 
which is exposed to reactive species generated by the 
reactive species generator during cleaning. 

6. The system of claim 5 wherein the processing chamber 
has a plurality of components which are exposed to the 
reactive species, wherein a percentage of the components 
exposed to the reactive species have a continuously formed 
fiuoropolymer coating, and wherein the percentage is suffi- 
cient to increase the cleaning rate of the chamber. 

7. The system of claim 6 wherein the percentage of coated 
components is sufficient to increase the cleaning rate of the 
chamber by at least 20%. 

8. The system of claim 5 wherein the at least one 
fiuoropolymer coated component comprises a gas distribu- 
tion plate having a plurality of apertures through which gas 
enters the deposition chamber. 

9. The system of claim 5 wherein the at least one 
fiuoropolymer coated component comprises a backing plate. 

10. The system of claim 8 wherein the at least one 
fiuoropolymer coated component further comprises a back- 
ing plate. 

11. The system of claim 5 wherein the at least one 
fiuoropolymer coated component comprises a shadow 



12. The system of claim 5 wherein the at least one 
fiuoropolymer coated component comprises a chamber wall 

13. The system of claim 5 wherein the at least one 
fiuoropolymer coated component comprises a susceptor. 

14. The system of claim 5 wherein the at least one 
fiuoropolymer coated component comprises a gas conduc- 
tance line adapted to conduct a reactive species from the 
reactive species generator to the processing chamber. 

15. A method for cleaning a processing chamber via a 
reactive species which chemically etches accumulated mate- 
rials from chamber components, the method comprising: 

providing a processing chamber adapted to perform a 
process by which material accumulates on chamber 
components; 

supplying the processing chamber with at least one fiuo- 
ropolymer coated component; and 

cleaning the processing chamber with a reactive species 
which chemically etches accumulated material from 
chamber components; 

wherein the fiuoropolymer coaled component is exposed 
to the reactive species. 

16. A method of cleaning a processing chamber using a 
reactive species, the method comprising: 

flowing an amount of fiuoropolymer precursor gas into 
the processing chamber; 

generating a plasma within the processing chamber so as 
to form fiuoropolymer on chamber components; 

heating the processing chamber so as to melt the fiuo- 
ropolymer and form a fiuoropolymer coating on the 
chamber components, wherein the amount of fiuo- 
ropolymer precursor gas is controlled so as to form a 
uniform fiuoropolymer coating of approximately 0.5- 
10 im\ on the chamber components; 

thereafter processing one or more substrates within the 
processing chamber; and 

(hereafter flowing into the processing chamber reactive 
species and thereby cleaning accumulated material 
from "the chamber components. 

17. The method of claim 16 wherein the fiuoropolymer 
coating is continuously formed. 

18. The method of claim 1 wherein the fiuoropolymer 
precursor gas is CHF 3 . 

19. The apparatus of claim 6 wherein the fiuoropolymer is 
PTFE. 

20. The apparatus of claim 6 wherein the fiuoropolymer is 
FEP. 

21. The apparatus of claim 6 wherein the fiuoropolymer is 
PEA. 
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An apparatus (20) and process for treating and conditioning an etching chamber (30), and cleaning a thin, non-homogeneous etch 
residue on the walls (45) and components of the etching chamber (30). In the etching step, a substrate (25) is etched in the etching chamber 
(30) to deposit a thin etch residue layer on the surfaces of the walls and components in the chamber. In the cleaning step cleaning gas 
is introduced into a remote chamber (40) adjacent to the etching chamber (30), and microwave or RF energy is applied inside the remote 
chamber to form an activated cleaning gas. A short burst of activated cleaning gas at a high flow rate is introduced into the etching chamber 
(30) to clean the etch residue on the walls (45) and components of the etching chamber. The method is particularly useful for cleaning etch 
residue that is chemically adhered to ceramic surfaces in the chamber, for example surfaces comprising aluminum nitride, boron carbide, 
boron nitride, diamond, silicon oxide, silicon carbide, silicon nitride, titanium oxide, titanium carbide, yttrium oxide zirconium oxide or 
mixtiirM thereof. 
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METHOD FOR CLEANING AN ETCHING CHAMBER 

BACKGROUND 

The present invention relates to an etching chamber and a method 
for etching substrates and for cleaning and conditioning the surfaces of the 
chamber. 

In the manufacture of integrated circuits, silicon dioxide, 
potysilicon, tungsten silicide, and metal layers on a substrate, are etched in 
predefined patterns to form gates, vias, contact holes, or interconnect lines. In 
the etching process, a patterned mask layer, such as an oxide hard mask or a 
photoresist layer, is formed on the substrate using conventional 
photolithographic methods, and the exposed portions of the substrate are 
etched by capacitive or inductively coupled plasmas. Commonly used etchant 
halogen gases include fluorinated gases such as CF 4 , SF 6 , and NF 3 ; chlorinated 
gases such as Cl 2 , CCI 4 , SiCI 4 , and BCI 3 ; and brominated gases such as HBr, Br, 
and CH 3 Br. 

In the etching process, the etching chamber is contaminated by a 
thin etch residue layer that deposits on the walls and other components in the 
chamber. The composition of the etch residue layer depends upon the etchant 
gases, the material being etched, and the composition of the mask layer applied 
to the substrate. When silicon is etched, silicon-containing gaseous species 
vaporized or sputtered from the substrate are present in the chamber 
environment; and when metal species are etched, metal ions are present in the 
chamber environment. The resist or mask layer on the substrate is also partially 
etched away by the etchant gas to form gaseous hydrocarbon or oxygen 
species in the chamber. These different species combine within the chamber 
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environment to form polymeric byproducts containing hydrocarbons, elemental 
silicon or metal species, and often also contain oxygen, nitrogen or boron. The 
polymeric byproducts deposit as thin etch residue layers on the walls and 
components in the chamber. The composition of the etch residue layer can vary 
5 widely across the chamber depending upon the composition of the localized 
gaseous environment. 

The non-homogeneous, etch residue layer formed in the etching 
process has to be periodically cleaned to prevent contamination of the 

10 substrate, and to provide internal chamber surfaces that have consistent and 
homogeneous chemical compositions and surface functionality, otherwise the 
etching processes performed in the chamber can varying widely in etching 
properties. In a traditional wet cleaning process, an operator periodically shuts 
down the etching machine, and uses an acid or solvent to scrub down the 

15 chamber walls. In the competitive semiconductor industry, the increased per 
substrate cost arising from downtime of the etching chamber, is undesirable. 
Also, because the wet cleaning process is manually performed by an operator, it 
often varies from one session to another, and limits the reproducibility of the 
etching process conducted in the chamber. 

20 

Another commonly used etch chamber cleaning method uses an in- 
situ ionized plasma which is generated inside the etch chamber, to clean the 
chamber walls. However, the in-situ ionized plasma species are highly energetic 
and can rapidly erode the chamber walls and chamber components. It is 

25 expensive to periodically replace the eroded parts and components in the 

chamber. Also, surface erosion of the chamber surfaces and components by 
the energetic plasma species, can often result in the instability and lack of 
reproducibility of subsequent plasma etching process steps performed in the 
chamber. For example, variations in the concentration, type, or surface 

30 functional bonds or chemical groups on the exposed surfaces of the walls and 
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components in the chamber, affect the sticking coefficient of gases and vapors 
on these surfaces, and consequently, the gaseous plasma etching chemistry in 
the chamber. Chamber surfaces having excessively active surface functional 
groups can deplete the concentration of gaseous chemical species needed to 
5 etch the substrate. Furthermore, the relatively high plasma power levels 
required to achieve acceptable cleaning rates tend to generate residue 
byproducts that damage system components and which cannot be removed 
except by physically wiping the internal surfaces of the chamber. For example, 
NF 3 plasma used to clean aluminum chamber surfaces results in formation of 
10 AI X F Y compounds that cannot be etched away by nonchemical processes. As 
another example, NF 3 gas that is used to clean Si 3 N 4 CVD deposition systems 
result in formation of N x H y F 2 compounds that are deposited on the exhaust or 
vacuum pump and affect the reliability of the exhaust pump. 

1 5 ,n chemical vapor deposition (CVD) processes, cleaning gases that 

are activated by microwaves in a remote chamber and further energized by 
capacitive coupled plasmas in-situ in the CVD chamber, have been used to clean 
the relatively thick and homogeneous CVD deposit layers formed in these 
chambers. In a typical CVD process, reactive gases are used to deposit a layer 

20 of material, such as aluminum or silicon dioxide, on the substrate. During the 

deposition process, the CVD deposits that are formed on the chamber walls and 
surfaces are often as thick as the CVD layers deposited on the substrate. The 
CVD deposits also have a relatively uniform and homogeneous chemical 
composition that corresponds to the material deposited on the substrate. The 

25 thick and chemically homogeneous CVD deposits can be cleaned by a high 

power microwave and capacitive coupled plasma, as for example, described in 
U.S. Patent No. 5,449,41 1, which is incorporated herein by reference. In 
another example, commonly assigned European Patent No. 555 546 A1 
discloses a process for CVD of silicon and removal of silicon deposits from the 

30 walls of the CVD chamber using a microwave plasma of NF 3 or CF 4 /0 2 . 



WO 99/20812 Q 4 PCT/US98/21806 

Similarly. German Patent No. 4,132.559 A1 also describes a method of cleaning 
a CVD deposition chamber using a remotely generated microwave plasma of 
NF 3 . 

However, the CVD chamber cleaning processes for cleaning thick 
and stoichiometrically homogeneous CVD deposits in deposition chambers are 
not suitable for cleaning the thin, variable composition, etch residue layers 
formed on the inner surfaces of etching chambers. The thin etch residue layers 
make it difficult to stop the cleaning process, after removal of the residue layer, 
resulting in extensive erosion of the underlying chamber surfaces. Also, the 
variable chemical stoichiometry and composition of the etch residue layers at 
different portions of the chamber make it difficult to clean all of the residue. For 
example, the etch residue formed near the chamber inlet or exhaust is often 
thinner and has a higher concentration of etchant gas species (or of material 
being etched) than etch residue formed near the substrate which typically 
contains a higher concentration of polymeric or oxide mask species. It is 
extremely difficult to generate a plasma or gas that uniformly etches away the 
variable stoichiometric composition etch residue without either eroding the 
chamber walls below the thin soft residue layers, or conversely, failing to clean- 
off thick and chemically hard residue layers. For these reasons, known methods 
of cleaning CVD deposits in deposition chambers are ineffective at cleaning the 
ultra thin and compositional variant etch residue layers formed on the walls and 
components of etching chamber without damaging or eroding the underlying 
walls and component surfaces. 

Thus, it is desirable to have a treatment process that maximizes 
the chemical reactivity of the cleaning gas to etchant deposits in an etching 
chamber and that minimizes the chemical reactivity of the cleaning gas to the 
exposed surfaces in the chamber. It is further desirable to have a method for 
treating the etching chamber that removes chemically adhered etchant deposits 
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from chemically active surfaces in the chamber and restores the original 
chemical reactivity and surface functional groups of these surfaces. It is further 
desirable for the chamber cleaning process to remove etch residues having 
variable thickness and non-uniform chemical stoichiometry, without excessive 
5 erosion of the chamber walls and components. 

SUMMARY 

The present invention provides an apparatus and method of 
10 etching a substrate in an etching chamber, cleaning a non-homogeneous, 

variable composition, etch residue layer from the walls and components of an 
etching chamber, and treating and conditioning ceramic surfaces in the chamber 
to provide highly consistent and reproducible etching performance. In the 
etching step, a substrate is etched in the etching chamber thereby depositing a 
1 5 thin etch residue layer on the surfaces of the walls and components in the 
etching chamber. In the cleaning step, cleaning gas is activated in a remote 
chamber adjacent to the etching chamber, for example, by applying microwave 
or RF energy in the remote chamber. The activated cleaning gas is introduced 
into the etching chamber to clean the etch residue on the walls and components 
20 of the etching chamber. It has been discovered that this method is particularly 
useful for cleaning etch residue strongly adhered to, or chemically reacted with, 
ceramic surfaces comprising aluminum nitride, boron carbide, boron nitride, 
diamond, silicon oxide, silicon carbide, silicon nitride, titanium oxide, titanium 
carbide, yttrium oxide, zirconium oxide, or mixtures thereof. 

25 

When etching certain materials, for example, silicon-containing 
layers, a relatively thin etch residue layer containing primarily polymeric, oxygen, 
and silicon-containing species, and having a thickness of about 0,01 to about 
1 micron is formed on the chamber walls and surfaces. It has been discovered 
30 that such an etchant layer can be efficiently removed by a high flow rate, short 
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burst of activated cleaning gas introduced into the etching chamber at a flow 
rate F R equivalent to a rate of about 200 to about 2000 seem for a chamber 
having a volume of about 40,000 cm 3 for a time period of about 0.5 to about 
100 seconds to clean the etch residue, substantially without eroding the walls 
and components in the chamber. 



Preferably, the cleaning process is performed while or immediately 
after, the substrate is being transporting out of the etching chamber, to increase 
throughput from the etching chamber. Preferably, a short burst of a high flow 
rate of activated cleaning gas is introduced into the etching chamber for a short 
time period, while substrate is being transported in or out of the chamber, to 
clean and condition the surfaces in the chamber without eroding chamber 
surfaces or substrate surfaces. Another substrate is then transported into the 
chamber and the etching, transportation, and cleaning and conditioning steps 
are repeated, until the substrate supply is exhausted. In a preferred version, the 
remote chamber is maintained at a higher pressure than the etch chamber, to 
provide a more laminar flow of cleaning gas along the sidewalls and surfaces of 
the chamber. 



It has further been discovered, in accordance with another aspect 
of the present invention, that superior cleaning and conditioning of etching 
chamber surfaces that are highly reactive to etch residue is achieved by 
introducing the activated gas into the chamber in multiple and discrete stages. 
The multicycle conditioning process comprises (i) a first stage, in which a first 
activated cleaning gas formed by maintaining the gas activator in the remote 
chamber at a first power level, is introduced into the etching chamber; and (ii) at 
least one second stage, in which a second activated cleaning gas formed by 
maintaining the gas activator in the remote chamber at a second power level 
different from the first power level, is introduced into the etching chamber. The 
cleaning gas in the first stage contains a more dissociated and chemically 
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reactive species that removes the hard and thick etch residues at the chamber 
walls and components near the substrate. The cleaning gas in the second 
cleaning stage is activated at a lower power level to more gently treat and 
condition surfaces such as ceramic surfaces. The duration of each cleaning 
5 stage is from about 0.5 to about 100 seconds, and more preferably, from about 
0.5 to about 24 seconds. The multicycle process can be repeated a sufficient 
number of times to treat the chamber walls and reduce the concentration of 
etch residue to the desirable level. 

10 In yet another aspect, the present invention is to an etching 

apparatus comprises an etching chamber having a process gas inlet for 
introducing process gas into the chamber, a plasma generator for forming a 
plasma from the process gas for etching a substrate, and an exhaust system for 
exhausting the spent process gas from the etching chamber. A remote chamber 

15 adjacent to the etching chamber is used to generate an activated cleaning gas. 
A gas distribution system comprises (i) a gas conduit for transporting the 
activated cleaning gas from the remote chamber to the etching chamber, (ii) a 
gas flow distributor for directing the flow of activated cleaning gas substantially 
parallel, and adjacent to, one or more internal surfaces of the chamber, and 

20 (Hi) a gas flow regulator for regulating the flow of activated cleaning gas into the 
gas flow distributor. Preferably, the gas flow distributor has nozzles positioned 
adjacent to surfaces in the chamber that have thicker etch residue layers, for 
directing the flow of activated cleaning gas to these regions to preferentially 
remove the thicker etch residue layers without eroding portions of the chamber 

25 having thinner etch residue layers. 
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These and other features, aspects, and advantages of the present 
invention will be better understood from the following drawings, description and 
appended claims, which illustrate examples of the invention. While the 
description and drawings below illustrate exemplary features of the invention, it 
is to be understood that each of the features can be used in the invention in 
general, not merely in the context of the particular drawings, and the invention 
includes any combination of these features. 



Figure 1 is a sectional schematic side view of an etching apparatus 
of the present invention; 



Figure 2 is a flowchart of the process steps used to etch 
substrates and clean and condition the surface walls of the etching apparatus; 

Figure 3 is a sectional schematic side view of another version of 
an etching apparatus of the present invention; 

Figure 4 is a sectional schematic side view of another version of 
an etching apparatus of the present invention; 

Figure 5 is a sectional schematic view of another version of an 
etching apparatus of the present invention; and 



Figure 6 is a sectional schematic view of another version of an 
etching apparatus of the present invention. 
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DESCRIPTION 

An apparatus 20 suitable for etching a substrate 25 according to 
the present invention, as schematically illustrated in Figure 1 , comprises an 
5 enclosed process chamber 30 defining a process zone for processing the 

substrate, a remote chamber 40 for forming an activated cleaning gas, and a 
load-lock transfer area (not shown) maintained at low pressure for holding a 
cassette of substrates. The particular embodiment of the apparatus 20 shown 
herein is suitable for processing of semiconductor substrates 25 is provided only 

10 to illustrate the invention and should not be used to limit the scope of the 

invention. Particular features of the apparatus 20 are described in U.S. patent 
application serial no. 08/597,445, entitled "RF Plasma Reactor with Hybrid 
Conductor and Multi-Radius Dome Ceiling," filed on February 2, 1996; and in 
U.S. patent application serial no. 08/389,889, filed on February 15, 1993 -- 

15 both of which are incorporated herein by reference. The enclosed chamber 30 
has sidewalls 45 and a bottom wall 50 fabricated from any one of a variety of 
materials including metals, ceramics, glasses, polymers, and composite 
materials. The process zone defined in the etching chamber 30 is directly above 
and surrounds the substrate 25 and comprises a volume of at least about 

20 10,000 cm 3 , and more preferably about 10,000 to about 50,000 cm 3 . Metals 
commonly used to fabricate the enclosed chamber 30 include aluminum, 
anodized aluminum, "HAYNES 242," "AI-6061," "SS 304," "SS 316," and 
INCONEL, of which anodized aluminum is preferred. 

25 The process zone comprises a ceiling 55 that is flat or rectangular 

shaped, arcuate, conical, dome-shaped, or multiradius dome shaped. Preferably, 
the ceiling 55 is dome-shaped to provide a uniform distribution of plasma source 
power across the entire volume of the plasma process zone to increase 
dissociation of the etchant gas within the plasma zone, as for example 

30 described in U.S. patent application Serial No. 08/596,960, entitled "Plasma 
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Process for Etching Multicomponent Alloys," filed on February 5, 1996, to Ma 
et al., which is incorporated herein by reference. The dome-shaped ceiling 55 
reduces dissociated ion recombination losses near the substrate 25 so that 
plasma ion density is more uniform across the substrate than with a flat ceiling. 
This is because ion recombination losses are affected by the proximity of the 
ceiling 55, and the dome-shaped ceiling is further from the substrate center 60 
than a flat ceiling. The dome ceiling 55 can be planar (i.e., flattened dome), 
conical, truncated conical, cylindrical, or other combination of such shapes, that 
provides a dome shaped surface above the substrate 25. 

Process gas is introduced into the chamber 30 through a gas 
distribution system 65 that includes a process gas supply 70 and a gas flow 
control system 75 that operates gas flow meters 80. The gas distribution 
system 65 can comprise gas outlets 85 located peripherally around the 
substrate 25 (as shown), or a showerhead mounted on the ceiling of the 
chamber 30 with outlets therein (not shown). Spent process gas and etchant 
byproducts are exhausted from the process chamber 30 through an exhaust 
system 90{typically including a 1000 liter/sec roughing pump) capable of 
achieving a minimum pressure of about 10 3 mTorr in the chamber 30. A 
throttle valve 95 is provided in the exhaust 90 to control the flow of spent 
process gas and the pressure of process gas in the chamber 30. Preferably, an 
asymmetric pumping channel 100 is used to pump gases out of the chamber 30 
to provide a more symmetrical and uniform distribution of gaseous species 
around the surface 105 of the substrate. 

A plasma is formed from the process gas introduced into the 
chamber 30, using a plasma generator 110 that couples an electric field into the 
process zone of the chamber. A suitable plasma generator 110 comprises an 
inductor antenna 115 consisting of one or more inductor coils having a circular 
symmetry with a central axis coincident with the longitudinal vertical axis that 
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extends through the center of the process chamber 30 and perpendicular to the 
plane of the substrate 25. Preferably, the inductor antenna 115 comprises 
solenoid coils having from 1 to 10 turns, and more typically from 2 to 6 turns. 
The arrangement and number of solenoid coils are selected to provide the 
5 desired product of current and antenna turns (d/dt)(N»l) near the ceiling 55 to 
provide a strong inductive flux linkage with close coupling to the plasma and 
therefore greater plasma ion density in the plasma zone adjacent to the 
substrate 25, as described in U.S. patent application no.08/648,254. When the 
inductor antenna 1 15 is positioned near the dome ceiling 55, the ceiling of the 

10 chamber 30 comprises dielectric material which is transparent to RF fields, such 
as a slab of machined silicon dioxide or tiles of silicon or silicon dioxide bonded 
to one another to provide a curved shape. Preferably, the inductor coil 1 1 5 
wrapped around the sidewall 45 of the process chamber 30 is a multiradius 
dome-shaped inductor coil having a "flattened" dome shape that provides 

1 5 increased plasma ion density directly over the substrate center 60 because ion 
density is affected by local ionization near the inductor coil 115, and a 
multiradius inductor coil is closer to the substrate center 60 than a 
hemispherical coil. In another preferred embodiment, the ceiling 55 comprises a 
multiradius dome having at least a center radius R and a corner radius r, wherein 

20 r is less than the center radius R and R/r is from about 2 to about 10. 

The plasma formed in the plasma zone can also be enhanced using 
magnetically enhanced reactors, in which a magnetic field generator (not 
shown), such as a permanent magnet or electromagnetic coils, are used to apply 

25 a magnetic field in the plasma zone to increase the density and uniformity of the 
plasma. Preferably, the magnetic field comprises a rotating magnetic field with 
the axis of the field rotating parallel to the plane of the substrate 25, as 
described in U.S. Patent No. 4,842.683, issued June 27, 1989, which is 
incorporated herein by reference. The magnetic field in the chamber 30 should 

30 be sufficiently strong to increase the density of the ions formed in the plasma. 
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and sufficiently uniform to reduce charge-up damage to features such as CMOS 
gates. Generally, the magnetic field as measured on the surface 105 of the 
substrate is less than about 500 Gauss, more typically from about 10 to about 
100 Gauss, and most typically from about 10 Gauss to about 30 Gauss. 

5 

In addition to the inductor antenna 115, one or more process 
electrodes can be used to accelerate or energize the plasma ions in the chamber 
30. The process electrodes include a first electrode 120 forming a wall of the 
process chamber 30, such as the ceiling 55 and/or sidewalls 45 of the chamber. 

10 The first electrode 120 is capacitively coupled to a second electrode 125 below 
the substrate 25. An electrode voltage supply 155 supplies an RF potential that 
maintains the first and second electrodes 120, 125 at different electrical 
potentials relative to one another. The frequency of the RF voltage applied to 
the inductor antenna 115 is typically about 50 KHz to about 60 MHz, and more 

15 typically about 13.56 MHZ; and the power level of RF voltage applied to the 
antenna is about 100 to about 5000 Watts. 

The enclosed chamber 30 comprises one or more ceramic surfaces 
that serve different functions. For example, in one preferred embodiment, the 

20 walls 45, 50, 55 of the process chamber are coated with a ceramic material, 
such as boron carbide, boron nitride, silicon, silicon oxide, silicon carbide, or 
silicon nitride, to protect the walls from chemically erosion in particular etchant 
gas compositions. For example, boron carbide is useful for protecting sidewalls 
45 of chambers from erosion in fluorinated gaseous environments. As another 

25 example, sapphire (aluminum oxide) gas distribution plates can be used to 
release process gas into the chamber 30. 



30 



Another ceramic surface useful in the process chamber 30 is that 
of a monolithic ceramic member 135 having a ceramic receiving surface 140 for 
receiving a substrate 25 thereon. Suitable ceramic materials include one or 
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more of aluminum nitride, boron carbide, boron nitride, diamond, silicon oxide, 
silicon carbide, silicon nitride, titanium oxide, titanium carbide, yttrium oxide, 
and zirconium oxide. The ceramic member 135 is fabricated from a low 
porosity ceramic having a porosity of less than about 10%. The thermal 
conductivity of the dielectric material preferably comprises a high conductivity 
of about 80 to about 240 Watts/m K, for example, diamond or aluminum nitride. 
The second electrode 125 is embedded in the ceramic member 135 so that 
ceramic material completely surrounds the second electrode to form a unitary 
monolithic ceramic member. The second electrode 125 is fabricated from a 
conductive metal such as aluminum, copper, gold, molybdenum, tantalum, 
titanium, tungsten, and alloys thereof, and more preferably from a high melting 
point refractory metal, such as tungsten, tantalum or molybdenum, which 
allows thermal sintering of the ceramic member 135 with the embedded 
electrode 125 therein. The ceramic member 135 with the embedded electrode 
125 can be fabricated by isostatic pressing, hot pressing, mold casting, or tape 
casting, from a mixture of ceramic powders and a low concentration of organic 
binder material. 

The embedded second electrode 125 in the unitary monolithic 
ceramic member 135, is the sole conductor to which a "hot" RF potential is 
applied, with the other electrodes in the chamber 30 maintained at different 
potentials, including electrical ground or floating potentials, relative to the 
second electrode 125. Because it is embedded in the unitary ceramic member 
135, the second electrode 125 does not have to be electrically isolated from the 
chamber 30 by additional insulator shields, thereby reducing the parasitic 
capacitance impedance loads in the chamber 30 that would otherwise result 
between the second electrode 125 and the grounded chamber walls 45, 50. 
Also, because there is no insulator shield in the chamber 30, the active area of 
the second electrode 125 can be increased to cover an area having a diameter 
that extends across the entire chamber bottom 50, providing a larger active 
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electrode area than conventional cathodes. The second electrode 125 also 
serves as an electrostatic chuck 145 that generates an electrostatic charge for 
electrostatically holding the substrate 25 to the receiving surface 140 of the 
ceramic member 135 using a DC chucking voltage applied through an electrical 
5 conductor 150 inserted through the ceramic member 135 to connect to the 
second electrode 125. 

The first and second electrodes 120, 125 are electrically biased 
relative to one another by the electrode voltage supply 155 that includes an AC 

1 0 voltage 1 60 supply for providing a plasma generating RF voltage to the second 
electrode 125, and a DC voltage supply 165 for providing a chucking voltage to 
the electrode 125. The AC voltage supply 160 provides an RF generating 
voltage having one or more frequencies from 13.56 MHZ to 400 KHz to form a 
capacitively coupled plasma in the chamber 30. The power level of the RF bias 

1 5 current applied to the electrode 1 25 is typically from about 50 to about 3000 
Watts. A separate DC voltage is applied to the electrode 125 to form an 
electrostatic charge that holds the substrate 25 to the chuck 145. The RF 
power is coupled to a bridge circuit and an electrical filter to provide DC 
chucking power to the electrode 125. 

20 

The etching apparatus 20 further comprises a remote chamber 40, 
such as a quartz tube, adjacent and connected to the process zone of the 
etching chamber 30 via a gas conduit 170. The remote chamber 40 comprises 
a gas activator 175 that is used to provide a microwave or RF energy in the 

25 chamber 30, to activate the cleaning gas by ionization or dissociation. When 
microwave energy is supplied, the cleaning gas dissociates to form uncharged 
atomic species, for example, Cl 2 dissociates to form atomic chlorine. When an 
RF energy is applied to the remote chamber 40, for example, by induction or 
capacitive coupling, the cleaning gas forms charged ionized species in the 

30 remote chamber. 



WO 99/20812 ( ) 15 PCT/US98/21806 

Preferably, the gas activator 175 provides microwaves that 
chemically activate the cleaning and conditioning gas in the remote chamber by 
formation of a highly dissociated gas. In this version, as schematically 
illustrated in Figure 1, the gas activator 175 comprises a microwave waveguide 
5 180 powered by a microwave generator 185, such as the "ASTEX" Microwave 
Plasma Generator commercially available from the Applied Science & 
Technology, Inc., Woburn, Massachusetts. Typically, the microwave generator 
185 comprises a microwave tuning assembly 190 and a magnetron microwave 
generator 195 capable of generating microwaves at a frequency of 2.54 Ghz. 
10 Typically, the magnetron 195 comprises a high power microwave oscillator in 
which the potential energy of an electron cloud near a central cathode is 
converted into microwave energy in a series of cavity resonators spaced radially 
around the cathode. The resonant frequency of the magnetron 195 is 
determined by the physical dimensions of the resonator cavities. 

15 

A second gas supply system 200 provides a cleaning gas to the 
remote chamber 40 via an electronically operated valve 205 and flow control 
mechanism at a user-selected flow rate. The microwave generator control 
system then applies power to the microwave generator 185 to generate 

20 microwaves which are transported by the waveguide 180 to the remote 
chamber 40. The activated cleaning gas is transported from the remote 
chamber 40 to the etching chamber 30 via a gas distribution system comprising 
the gas conduit 170. Optionally, a filter is positioned in the conduit 170 
through which the activated gas species passes before entering the etching 

25 chamber 30 to remove particulate matter that is formed during the activation of 
the reactive species. In the described embodiment, the filter is made of ceramic 
material having a pore size of about 0.01 to 0.03 microns. Other materials can 
also be used, such as Teflon {TM DuPont de Nemours, Inc.), polyimide, 
inactivated carbon, or sulphur. For example, when the cleaning gas comprises 

30 CF 4 or SF 6 , or other halogen compounds containing carbon or sulphur, an 



WO 99/20812 | ) 16 ( ) PCT/US98/21806 

activated carbon of sulphur species is often present as a byproduct of the 
activation process. It is generally desirable to remove such carbon or sulphur 
products to prevent contamination of the etching chamber environment. 

5 Instead of using microwaves, the cleaning gas can also be 

activated by an RF energy provided by a capacitively or inductively coupled 
source in or adjacent to the remote chamber 40. A suitable RF energy type gas 
activator comprises an inductor antenna consisting of one or more inductor coils 
having a circular symmetry with a central axis coincident with the longitudinal 
10 vertical axis that extends through the center of the remote chamber 40, as 

shown in Figure 4. Alternatively, the gas activator can also comprise a pair of 
electrodes positioned within the remote chamber 40 to form a capacitively 
coupled field in the chamber 40, as shown in Figure 3. 

15 The gas distribution system further comprises a gas flow 

distributor 215 for directing the flow of activated cleaning gas substantially 
parallel, and adjacent to, one or more internal surfaces of the chamber 30 and a 
gas flow regulator 220 for regulating the flow of activated cleaning gas into the 
gas flow distributor 215. The gas flow regulator comprises a flow control valve 

20 205 or 225 operated by a conventional computer control system 230 to control 
the flow of the cleaning gas into the remote chamber 40 at a predefined or user- 
selected gas flow rate. Optionally, a carrier gas source can also be connected 
to the remote activation chamber 40 through another valve and flow control 
mechanism (not shown). The carrier gas assists in transporting the activated 

25 cleaning gas to the etching chamber 30, and can be any known gas that is non- 
reactive or compatible with a particular cleaning process. For example, a 
suitable carrier gas can be argon, nitrogen, helium, halogen, or oxygen. The 
carrier gas can also assist in the cleaning process by initiating and/or stabilizing 
the activated gaseous species in the etching chamber 30. 



30 
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Preferably, the gas flow distributor 215 directs the flow of the 
activated cleaning gas generally parallel, or adjacent to, one or more of the 
surfaces inside the chamber 30, such as the surfaces of the sidewall 45, the 
bottom surface 50, or the surfaces of components in the chamber. Directing 
5 the flow of cleaning gas substantially parallel to certain chamber surfaces 

provides a more concentrated and laminar flow of cleaning gas adjacent to these 
surfaces that removes the etch residue and treats and conditions the chamber 
surfaces more effectively. In the version shown in Figure 3, the gas distributor 
comprises a plurality of gas injection nozzles 235a, b, c, arranged symmetrically 

10 about a central axis of the chamber 30, to provide a laminar curtain of gas 

flowing immediately past, adjacent, and substantially parallel to the surfaces of 
the etching chamber 30 to enhance cleaning of the etch residue on the chamber 
walls. The gas injection nozzles 235a, b, c provide a cleaning gas flow pattern 
or flow pathway that is directed along the walls and surfaces of the chamber 

1 5 that have a high concentration, thickness, or more chemically hard composition 
of etch residue, to preferentially clean and condition these surfaces, with 
excessive erosion of other portions of the chamber that have less etch residue. 

In another version, shown in Figure 4, the gas distributor 215 
20 comprises one or more gas injection nozzle 235 that is positioned behind a gas 
spreading or flow redirecting plate 240 in the chamber 30. The gas spreading 
plate 240 is symmetrically positioned in the chamber with preferably a 
perpendicular central axis that is substantially aligned to the central axis of the 
chamber 30. The plate 240 covers the gas injection nozzle 235 and deflects 
25 and redirects the flow of cleaning gas emitted from the injection nozzles 235, 
between the gap defined by the plate and a parallel portion of the chamber 
surface adjacent to the plate 240. The gas spreader plate 240 is spaced apart 
and at a predefined distance from the chamber surface to define a gap having a 
predefined height. The cleaning gas exits the annular ring-shaped outlet defined 
30 by the plate 240 and the chamber surface substantially parallel to the chamber 



PCT/US98/21806 



surface, and flows in a laminar flow path along the surface of the etching 
chamber walls. 



In yet another configuration, illustrated in Figure 5, the gas 
5 distributor 21 5 comprises injection nozzles 235a, b at the terminus of a channel 
250 that is symmetrically positioned about a central axis of the chamber 30. 
An annular ledge 255 is spaced apart from, and preferably covers, at least a 
portion of the channel 250 to form a circumferential collar that directs the flow 
of cleaning gas along and past particular surfaces of the chamber 30 to 
10 recondition and treat these surfaces. As with the gas plate version illustrated in 
Figure 4. the annular opening of the channel 250 adjacent to the chamber 
surfaces, provides a forced flow of cleaning gas past the chamber surfaces. 

Preferably, the gas flow distributor 215 comprises gas injection 

1 5 nozzles 235 that are positioned adjacent to surfaces in the chamber 30 that 

have thicker etch deposit layers, for directing the flow of activated cleaning gas 
to these regions to preferentially remove the thicker etch residue layers without 
eroding portions of the chamber 30 having thinner deposit layers. This is 
particularly useful for etching chambers and processes that produce widely 

20 varying composition or thickness of etch residue deposit layers across the 
surfaces of the chamber 30. Typically, the thicker etch residue regions are 
adjacent to the substrate, where a larger quantity of resist or mask vaporizes 
from the substrate, and condenses onto the chamber surfaces. For example, in 
a preferred configuration, as shown in Figure 6, the gas injection nozzles 

25 235a, b are positioned in a circle that surrounds the substrate 25 and extend 

from the bottom wall 50 of the chamber 30. This configuration is preferred for 
etching processes in which a large amount of etch residue is formed near the 
chamber surfaces that are next to the substrate, because the etch residue is a 
condensation byproduct of the resist or oxide mask on the substrate. Similarly, 

30 the gas injection nozzles 235a, b can be positioned in the other regions of the 
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chamber 30 as determined from the distribution and etch residue across the 
chamber surfaces for each type of etch process. 

Etching Process 

Operation of the etching chamber 30 to etch one or more of the 
silicon-containing layers on the substrate 25 will now be described with 
reference to the flow chart of Figure 2. The substrate 25 typically comprises a 
semiconductor material, such as a silicon or gallium arsenide wafer, with a 
plurality of layers formed thereon. The layers on the substrate 25 comprise, for 
example, an underlayer of silicon dioxide that functions as a gate oxide layer for 
MOS transistors, and an overlayer of polysilicon or patterned polyicide (which is 
a combination of tungsten silicide and underlying polysilicon layers). Each of 
the layers typically have a thickness of about 100 nm to about 350 nm. A 
mask layer, such as"RISTON" photoresist manufactured by DuPont de Nemours 
Chemical Company, or an oxide hard mark is applied over the substrate 25 to a 
thickness of about 0.4 to about 1.3 micron; and the features to be etched in the 
layers are defined using conventional photolithographic processes. The exposed 
portions between the mask layer are etched to form features, such as for 
example, contact holes for fabricating gate electrodes for MOS transistors; 
polycide interconnecting features that are typically used as gate electrodes; and 
vias which are multilayer metal structures used to electrically connect two or 
more electrically conductive layers separated by insulating silicon oxide/nitride 
layers. 

To perform the process of the present invention, a substrate 25 is 
transferred using a robot arm 257 from a load-lock transfer chamber through a 
slit valve and into the chamber 30. A lift finger assembly (not shown) has lift 
fingers that extend through lift finger openings in the chuck 145 to receive or 
lift the substrate 25 off the chuck 145. The robot arm 257 places the substrate 
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25 on the tips of the lift fingers {not shown) that are elevated by the pneumatic 
lift mechanism to extend about 2 to 5 centimeters above the surface of the 
chuck 145. The pneumatic mechanism, under the control of a computer 
system, lowers the substrate 25 onto the electrostatic chuck 145, and helium is 
5 supplied through apertures 265 in the chuck to control the temperature of the 
substrate 25. 

Etchant gas is introduced into the chamber 30 through the gas 
outlet 85, and the chamber is typically maintained at a pressure ranging from 

10 about 0.1 to about 400 mTorr, and more typically from about 0.1 to 80 mTorr. 
Suitable halogen-containing etchant gases for etching the substrate 25, include 
for example, HCI, BCI 3 , HBr, Br 2 , Cl 2 , CCI 4 , SiCI 4 , SF 6 , F, NF 3 , HF, CF 3 , CF 4 , 
CH 3 F, CHF 3 , C 2 H 2 F 2 , C 2 H 4 F 6 , C 2 F 6 , C 3 F 8 , C 4 F 8 , C 2 HF 5 , C 4 F I0 , CF 2 CI 2 , CFCI 3 , and 
mixtures thereof. The etching process of the present invention provides high 

1 5 etch rates, and highly selective etching of the silicon layers on the substrate 25. 
A preferred composition of process gas comprises (i) chlorine, (ii) hydrogen 
bromide, and optionally (iii) helium-oxygen gas. The chlorine gas is ionized to 
form atomic chlorine and chlorine-containing species that etch the metal silicide 
or polysilicon layers to form volatile SiCl x species that are exhausted from the 

20 chamber 30. The chlorine gas can comprise Cl 2 or other chlorine-containing 

gases equivalent to chlorine, for example, HCI, BCI 3 , and mixtures thereof; The 
hydrogen bromide gas enhances the rate of etching of the polysilicon layer while 
simultaneously reducing the rate of etching of the resist layer to enhance the 
etching selectivity ratio. The helium-oxygen gas forms excited species and ions 

25 that further aid etching rates and etching selectivity. 

Referring to Figure 2, a plasma is energized from the etchant gas 
using the plasma generator 110 by forming an inductive electric field in the 
chamber 30 and biasing the first and second electrodes 120, 125 in the 
30 chamber. The plasma is formed by applying an RF source current to the 
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inductor antenna 115 encircling the chamber 30 , and applying an RF bias 
voltage to the electrodes 120, 125. The etchant gas ionizes in the applied 
electric field to form halogen-containing ions and neutrals that react with the 
silicon-containing layers on the substrate 25 to etch the layers and form volatile 
5 gaseous species that are exhausted from the chamber 30. Preferably, the 
power ratio P r of the source current power level (to inductor antenna 115) to 
the bias voltage power level (to the process electrodes 120, 125} is selected to 
enhance the ability of the etchant plasma to anisotropically etch the silicon- 
containing layers with high selectivity relative to the overlying mask layer. 

10 Increasing the source power level of the current applied to the inductor antenna 
115, increases the number of dissociated etchant species in the plasma 
providing more isotropic etching. In contrast, increasing the bias power level of 
the RF voltage applied to the process electrodes 120, 125 increases the degree 
of anisotropic etching by providing a higher bombardment energy component to 

15 the plasma ions. It has been discovered that an excessively high power ratio P, 
can cause sputtering of the substrate 25 and result in non-uniform etching of 
the substrate; while an excessively low power ratio P, can cause insufficient 
dissociation of the etchant gas into dissociated ions resulting in low etch rates 
and low etching selectivity. A preferred power ratio P r is at least about 2:1, and 

20 more preferably about 2:1 to about 20:1. The plasma is formed by applying a 
current at a source power level of about 400 to about 3000 Watts to the 
inductor antenna 115 encircling the plasma zone 35; and the plasma ions are is 
attracted toward the substrate 25 by applying a voltage at a power level of 
about 20 to about 1000 Watts to the process electrodes 120, 125 in the 

25 plasma zone. 

The substrate 25 etching process is typically performed in a main 
etch stage and an "overetch" stage, in order to stop the etching process 
without etching through the underlayer on the substrate. The main etch stage 
30 is stopped immediately before the overlayer is completely etched through, and 
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the overetch stage is performed to etch through the residual portion of the 
overlayer. Typically, the halogen content of the etchant gas is reduced in the 
overetch stage to obtain slower and more controllable etch rates. For example, 
a suitable main etch process stage for etching a polysilicon layer an etchant gas 
comprising 68 seem Cl 2 , 112 seem HBr, and 16 seem He-0 2 can be used. The 
power level of the source current applied to the inductor antenna 1 15 is 475 
Watts, and the power level of the bias voltage applied to the process electrodes 
120, 125 is 80 Watts to provide a power ratio P, of about 6:1 . The pressure in 
the chamber 30 is held at 4 mTorr. A suitable over-etch process stage for the 
polysilicon layer uses an etchant process gas comprising 158 seem HBr and 10 
seem He-0 2 at a chamber pressure of 50 mTorr. The power level of the source 
current applied to the inductor antenna 115 was 1000 Watts, and the power 
level of the bias voltage applied to the process electrodes 120, 125 was 100 
Watts to provide a power ratio, P, of about 10:1, in the overetch process stage. 

An optical endpoint measurement technique is used to determine 
completion of the entire etching process, or completion of etching of a specific 
layer by measuring the change in light emission of a particular wavelength 
corresponding to a detectable gaseous species. A sudden decrease or increase 
in concentration of a selected detectable species, indicates completion of 
etching of one or more of the layers. For example, a sudden increase in the 
concentration of silicon species (that results from chemical reaction of the 
process gas with the underlying polysilicon) indicates completion of the etching 
process; and an increase in chlorine ion concentration (resulting from reduced 
erosion of the underlayer) indicates completion of etching of the metal silicide 
layer and start of etching of the underlayer. 

After completion of processing, the pneumatic lifting apparatus 
270 raises the lift pins through the electrostatic chuck 145 to raise the 
substrate 25 and a robotic transport arm is inserted between the substrate 25 
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and the chuck to lift the substrate off the lift pins. Thereafter, the lift pins are 
retracted into the chuck 145, and the robotic arm transports the substrate 25 
out of the etching chamber 30 and into a transfer chamber maintained in a 
vacuum environment. 

Cleaning & Conditioning Process 

Thereafter, a treatment process is used to treat and recondition 
the surfaces inside the etching chamber 30. particularly the ceramic surfaces; 
and to clean the etch residue formed on the chamber walls 45, 50, 55 and 
components. The etch residue adheres and reacts with the surfaces inside the 
etching chamber 30, for example, the sidewalls 45. receiving surface 140 of the 
monolithic ceramic member 135, and the ceiling 55 of the chamber, to form a 
hard and chemically resistant layer that is difficult to remove. The etch residue 
typically comprise polymeric organic compounds containing halogen, carbon, 
hydrogen, oxygen, and/or silicon compounds that are formed during etching of 
the substrate 25. In particular, the etch residues react with the ceramic 
surfaces in the chamber 30 such as the surfaces of the monolithic ceramic 
member 135, which have highly reactive surface functional groups. For 
example, ceramic surfaces comprising silicon or silicon oxide comprise Si-OH 
surface groups which are formed when the ceramic surface is exposed to air, 
oxygen, or ambient moisture; and aluminum oxide or aluminum nitride surfaces 
have AI-OH- surface groups. These surface functional groups chemically react 
with the etch residue to form a hard adherent coating on the chamber surfaces 
or components. 

The chamber treatment process treats the chamber 30 to remove 
and reduce the adverse effect of the reaction byproducts of the etch residues 
and the chamber surfaces will now be described. To perform the process, the 
process chamber 30 is exhausted of etchant gas by fully opening the throttle 
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valve 95 of the exhaust system 90. Cleaning gas, such as NF 3 , CF 4 , SF 6 , C 2 F 6 , 
CCI 4 , C 2 CI 6 or mixtures thereof, is introduced into the remote chamber 40 and 
activated therein, for example, by microwaves applied within the remote 
chamber by the microwave generator 185, or by RF energy applied via 
5 electrodes or an inductor coil. Thereafter, the activated cleaning gas is 
introduced into the etching chamber 30 to clean the etch residue in the 
chamber. 

The power level P L of the current used to operate the gas activator 

10 175 is selected to achieve two functions. In a first function, the cleaning gas 
should chemically react with and vaporize the thin layer of etch residue 
comprising polymer containing carbon, trapped halogen species, silicon, and/or 
hydrogen species, formed on the chamber surfaces. The flow rate F R of 
cleaning gas, and the power level P L of the gas activator 175 control the ratio of 

1 5 dissociated to non-dissociated species in the activated cleaning gas. The more 
highly dissociated gaseous species preferentially react with the thin etchant 
layer relative to the underlying chamber surfaces. That is why the activated 
plasma can remove thin layers of etch residue on the chamber walls, while 
minimizing erosion of the underlying chamber surfaces, in a second function, 

20 the activated cleaning gas reconditions the surfaces in the chamber 30, 

particularly the ceramic surfaces, after removing the etch residue. It has been 
discovered that halogen containing etch residue is highly chemical reactivity to 
the chamber walls 45, 50, 55 and components, particularly when the etching 
chamber 30 contains ceramic surfaces that have highly reactive surface 

25 functional groups, such as the aforementioned Si-OH", AI-OH , and other such 
species. For example, fluorine containing species in the etch residue rapidly 
erode ceramic aluminum oxide or nitride surfaces to form volatile AIF 3 species. 
Similarly, bromine containing species hydrolyze in ambient moisture to form 
acidic hydrogen bromide which corrodes silicon-containing components. These 

30 types of etch residues need to be rapidly removed from the chamber 30 to 
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prevent excessive erosion of the chamber surfaces. A high flow rate F„ and low 
power level P L activated gas species conditions the chamber surfaces, i.e., 
restores at least a portion of the surface functional groups, such as AIOH' 
groups, on the ceramic surfaces in the chamber 30. This returns the chamber 
surfaces to a chemical state similar to their original chemical state, thereby 
restoring their pristine surface activity and surface functionality, for the next 
etching process. As a result, the etching processes performed in the treated 
chamber 30 yield more reproducible results, as compared to chambers where a 
wet cleaning or an RIE cleaning process is used to clean the chamber. 

Preferably, the flow rate F R of the cleaning gas and the power level 
P L of the current applied to the gas activator 175, such as the microwave 
plasma generator 185, are selected to vaporize the etch residue on the etching 
chamber surfaces to a sufficiently low concentration to remove their effect on 
the chamber gas composition and substrate contamination, without eroding the 
walls or components in the chamber 30. The flow rate F„ of the cleaning gas 
should be sufficiently high to react with substantially all the etch residue on the 
ceramic surfaces to form gaseous byproducts. However, excessively high flow 
rates can cause erosion of the chamber walls and surfaces by the extended 
exposure to the highly activated gaseous species in the cleaning gas. 

For example, it has been discovered that when etching silicon- 
containing layers on the substrate 25, a relatively thin etch residue containing 
primarily polymeric and silicon-containing species, and having a thickness of 
about 0.01 to about 1000 microns is formed on the chamber walls 45, 50, 55 
and surfaces. This etch residue layer is removed by introducing into the 
chamber 30, an activated cleaning gas at a flow rate F R equivalent to a rate of 
about 200 to about 2000 seem for a chamber having a volume of about 40,000 
cm 3 for a time period of about 0.5 to 100 seconds to clean the etch residue, 
substantially without eroding the walls and components in the chamber. For 
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different sized process chambers, equivalent flow rates of cleaning gas 
compositions that maintain substantially the same ratio of NF 3 flow in seem to 
chamber volume in cm 3 should be used. While process gas consisting only of 
NF 3 provides good results, inert gases such as helium or argon can also be 
5 added to the process gas, or the process gas can comprise a commercially 
available mixture of gases, such as He-0 2 . 

When a gas activator 175 which comprises a microwave generator 
185 is used, the power level P L operating the microwave generator 185, which 

10 is also a measure of the power or intensity of microwaves applied to the remote 
plasma chamber 40 via the gas activator 175, is selected to clean and treat the 
chamber 30 surfaces without eroding the chamber walls. The power level 
should be sufficiently high to provide a cleaning gas that is sufficiently reactive 
to remove substantially all the etch residue on the chamber walls and 

15 components without damage to the underlying structures. An excessively high 
power level P L will cause the highly activated gaseous species to erode the 
chamber walls. Conversely, a cleaning gas activated at a power level that is too 
low, will fail to remove the thick chemically hard etch residue on portions of the 
chamber walls and components. Suitable power levels for the NF 3 cleaning gas 

20 are from about 500 to about 4000 watts, and more preferably, from about 
1500 to about 2500. 

The activated gaseous species are introduced into the etching 
chamber 30 for a short burst of time to treat and condition the chamber. The 

25 short burst of activated cleaning gas provides significant advantages over 
conventional cleaning processes. First, the burst of activated cleaning gas 
provides a larger number of highly dissociated species that removes the etch 
residues, and cleans and conditions the ceramic surfaces in the chamber 30 by 
a "soft" chemically reactive process performed by the highly chemically reactive 

30 dissociated species. The burst and quick removal of the cleaning gas from the 
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chamber 30 also reduces the possibility of dissociated species from recombining 
to form other chemical species that erode the chamber surfaces and 
components. This mechanism is further aided by the high flow rates of the 
burst of gas which assist in flushing out the reaction byproducts before they 
5 recombine in the chamber 30. Also, the burst of gas maintains a fresh supply 
of cleaning gas at the exposed surfaces of the etch residue during the cleaning 
operation thereby removing the residue layers at a fast rate. Preferably, the 
burst of activated cleaning gas is introduced into the etching chamber at a flow 
rate F R equivalent to a rate of at least about 200 to about 2000 seem for an 
10 etching chamber 30 having a volume of about 40,000 cm 3 for a time period of 
about 0.5 to about 100 seconds to clean the etch residue, substantially without 
eroding the walls and components in the chamber. More preferably, the 
remotely generated cleaning gas is introduced into the etching chamber for 
about 0.5 to about 24 seconds. 

15 

In another aspect of the present invention, useful for reducing 
equipment down time and increasing throughput of the etching chamber 30, the 
cleaning process is performed while transporting the substrate 25 out of the 
chamber, or immediately after the substrate 25 is removed from the etching 

20 chamber 30. In this version, activated cleaning gas is prepared in the remote 
chamber 40, and while simultaneously transporting the substrate 25 out of the 
etching chamber 30, a burst of high flow rate F„ of activated cleaning gas is 
introduced into the etching chamber 30 for a time period sufficient to treat and 
condition the surfaces of the etching chamber 30 substantially without eroding 

25 the surfaces. For example, as the substrate 25 is finishing etching, the cleaning 
gas is introduced into the remote chamber 40 by opening an inlet valve 205 in 
the gas line between the cleaning gas supply 200 and the remote chamber 40; 
and the activated cleaning gas is allowed to flow into the etching chamber 30 
while the substrate is being removed from the etching chamber 30. Inlet valve 

30 205 of the remote chamber is in a closed position during etching of the 
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substrate, and as the etched substrate 25 is being removed or transported from 
the etching chamber 30, for example, while the substrate 25 is passing through 
the slit valve at the sidewall 45 of the etching chamber, a robot controller 259 
sends a first signal that opens the inlet valve 205 to allow cleaning gas to enter 
5 into the remote chamber 40. For example, the robot controller 259 can provide 
a first trigger signal to the computer control system 230 that in response opens 
the inlet valve 205 and actuates the microwave generator 185, forming 
activated cleaning gas. The cleaning gas flows into the etching chamber 30 for 
a short time period to clean and condition the surfaces in the chamber 30. The 

10 robot controller 259 then provides a second trigger signal that closes the inlet 
valve 205 when a second substrate 25 is retrieved for insertion into the etching 
chamber 30 and allows the exhaust system 90 to exhaust residua! activated gas 
from the etching chamber. Thereafter, another substrate 25 is transported into 
the chamber 30 and the etching, transportation, and chamber cleaning and 

1 5 conditioning steps are repeated, until all substrates 25 supply have been 
processed. In this method, the etching process stages are not delayed or 
slowed down by the cleaning process stages, thereby providing improved 
processing throughput. 

20 In yet another version, an outlet valve 225 from the remote 

chamber is in a closed position during activation of the cleaning gas. As the 
etched substrate 25 is removed or transported from the etching chamber 30, 
the robot controller 259 sends a first signal that opens the outlet valve 225 in 
the gas conduit 170 allowing activated cleaning gas to flow into the etching 

25 chamber 30 for a short time period to clean and condition the surfaces in the 
chamber. The robot controller 259 then provides a second trigger signal that 
closes the outlet valve 225 when a second substrate 25 is retrieved for 
insertion into the etching chamber 30. Thereafter, another substrate 25 is 
transported into the chamber 30 and the etching, transportation, and chamber 

30 cleaning and conditioning steps are repeated. 
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In yet another aspect of the present invention, a lower pressure of 
gas is maintained in the etching chamber 30 relative to the pressure in the 
remote chamber 40. This aspect of the present invention can be used in 
conjunction with the specialized gas distributor structures described above to 
5 direct the flow of cleaning gas adjacent to particular chamber surfaces that need 
to be cleaned more vigorously, for example, by providing the cleaning gas 
injection nozzles 235 adjacent to, or facing the portions of chamber having 
thicker etchant residues. It is believed that a more rapid flow of activated 
cleaning gas enters into the process chamber because of the differential 

10 pressure maintained between the two chambers, causing the cleaning gas to 
rapidly impinge against and clean the chamber surfaces. In this process, the 
interior volume of the etching chamber 30 is maintained at a higher pressure 
than the remote chamber 40. In this method, the etching chamber 30 is 
preferably maintained at a lower pressure than the remote chamber 40. The 

15 etching chamber 30 is preferably maintained at a pressure of 0.1 to 80 mTorr, 
and the remote chamber 40 is maintained at a pressure of about 500 to about 
3000 mTorr. 

In another preferred aspect of the invention, useful for cleaning 
20 and conditioning chamber surfaces that are highly reactive to the etch residue, 
such as the ceramic surfaces, a multicycle cleaning process is used to treat 
chamber surfaces and reduce the concentration of etch residue. In a first stage, 
a first activated cleaning gas is formed by maintaining the gas activator 175, 
such as the microwave generator 185, at a first power level. In at least one 
25 second stage, a second activated cleaning gas is formed by maintaining the gas 
activator 175 at a second power level that is lower than the first power level. 
The cleaning gas activated by the first higher power level of the first cleaning 
stage provides a more dissociated and chemically reactive species that removes 
the hard and thick etch residues on portions of the chamber walls 45, 50, 55 
30 and components that are near the substrate 25. The cleaning gas in the second 
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cleaning stage is activated at a lower power level to efficiently treat and 
condition surfaces such as the ceramic surfaces, to provide optimal etching 
conditions in the chamber 30. Preferably, the first power level is at least about 
500 watts, and more preferably from about 500 to about 3000 watts; and the 
second power level is at least about 1000 watts, and more preferably about 
1 500 to about 4000 watts. The multiple power level process is repeated a 
sufficient number of times to treat the chamber walls to reduce the 
concentration of etch residue in the chamber 30 to the desirable level, typically 
from a single cycle, to a range of about 1 to about 10 cycles. The duration of 
each cleaning stage is from about 0.5 to about 100 seconds, and more 
preferably, from about 2 to about 30 seconds. 

The chamber treatment process of the present invention is 
advantageous because it maximizes the chemical reactivity of the activated 
cleaning gas to the etch residues in the chamber 30, and minimizes the chemical 
reactivity of the cleaning gas to the exposed surfaces in the etching chamber 
30. The cleaning process has been found to uniformly remove etch residues, 
irrespective of their thickness or chemical stoichiometry. Prior art cleaning 
processes, particularly those performed by an operator, often fail to uniformly 
clean and remove the etch residue deposits formed on chamber surfaces. Build- 
up of etchant deposits on the chamber surfaces, result in flaking off the etchant 
deposits and contamination of the substrate 25 etched in the chamber. By 
uniformly removing the etch residues formed across substantially all of the 
chamber surfaces, such contamination and reduced yields from the substrate 
25, are minimized. 

The activated cleaning gas also results in far less erosive damage 
to the chamber compared to conventional in-situ plasma cleaning steps, because 
of the reduced energy levels of the plasma in the etching chamber. This was 
difficult to accomplish in prior art processes, in which the high powered plasmas 
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used to remove the residue deposits also resulted in extensive erosion of 
chamber surfaces and components. By reducing the need to replace chamber 
components, the cost of operating the etching chamber 30 and the cost per 
substrate 25 are significantly reduced. Furthermore, the activated cleaning gas 
5 can be used to efficiently clean an etch chamber 30 in-situ during etching of 
substrates 25, and preferably during transport of the substrates between the 
etching chamber 30 and the loading chamber, rather than stopping processing in 
the chamber 30 to wet clean the chamber walls and components, thereby 
increasing etching throughput and further reducing costs per substrate. The 
10 cleaning process is expected to increase chamber lifetimes by a factor of at 

least 2, and also increase substrate yields by reducing the deposition of flaked- 
off etchant byproducts onto the substrate. 

The treatment and cleaning process removes chemically-adhered 
15 etchant deposits from active surfaces in the chamber 30. and restores the 

original chemical reactivity and surface functional groups of these surfaces. The 
cleaning and treatment process is also particularly useful for cleaning etch 
residue that is strongly adhered to, or chemically reacted with ceramic surfaces, 
such as surfaces comprising one or more of aluminum nitride, boron carbide, 
20 boron nitride, diamond, silicon oxide, silicon carbide, silicon nitride, titanium 
oxide, titanium carbide, yttrium oxide, and zirconium oxide. The activated 
cleaning gas is effective at treating and reconditioning these ceramic surfaces to 
provide surface chemistries and surface functional groups that are chemically 
compatible with the etching process. The conditioned ceramic surfaces provide 
25 more reproducible etching properties in the chamber 30, than that provided by 
alternative chamber cleaning processes, such as wet cleaning or R1E cleaning 
processes. The significantly improved reproducibility of etching processes 
performed in the chamber 30 is highly desirable. 
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The present invention has been described with reference to certain 
preferred versions thereof; however, other versions are possible. For example, 
the treatment and cleaning process of the present invention can be used for 
treating chambers for other applications, as would be apparent to one of 
ordinary skill. For example, the process can be applied, as would be apparent to 
one of ordinary skill in the art, to treat sputtering chambers, ton implantation 
chambers, or deposition chambers, or in combination with other cleaning 
processes. Therefore, the spirit and scope of the appended claims should not 
be limited to the description of the preferred versions contained herein. 
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1 . A method of cleaning an etch residue from walls and 
components of an etching chamber, the method comprising the steps of: 

5 (a) introducing a cleaning gas into a remote chamber 

adjacent to the etching chamber; 

(b) activating the cleaning gas inside the remote chamber 
to form an activated cleaning gas; and 

|c) introducing the activated cleaning gas into the 
10 etching chamber to clean the etch residue on the walls and components of the 
etching chamber. 

2. A method according to claim 1 wherein the etch residue 
comprises a layer containing polymeric and silicon-containing species, and 

1 5 having a thickness of about 0.01 to about 1 micron, and 

wherein the activated cleaning gas is introduced into the etching chamber 
at a flow rate F B equivalent to a rate of about 200 to about 2000 seem for a 
chamber having a volume of about 40,000 cm 3 for a time period of about 0.5 to 
about 100 seconds. 

20 

3. A method according to claim 1 wherein the activated 
cleaning gas is introduced into the etching chamber for about 0.5 to about 24 
seconds. 

25 4. A method according to claim 2 wherein the cleaning gas is 

activated by microwaves applied in the remote chamber by a microwave plasma 
generator operated at a power level of about 500 to about 4000 Watts. 
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5. A method according to claim 1 wherein the etching 
chamber is maintained at a lower pressure than the remote chamber. 
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6. A method according to claim 8 wherein the etching 
chamber is maintained at a pressure of about 0.1 to about 80 mTorr, and the 
remote chamber is maintained at a pressure of about 500 to about 3000 mTorr. 

7. A method according to claim 1 wherein the cleaning gas is 
selected from the group consisting of NF 3 , CF 4 , SF 6 , C 2 F 6 , CCI 4 , C 2 CI 6 , and 
mixtures thereof. 

8. A method according to claim 1 wherein the surfaces in the 
etching chamber comprise one or more of aluminum nitride, boron carbide, 
boron nitride, diamond, silicon oxide, silicon carbide, silicon nitride, titanium 
oxide, titanium carbide, yttrium oxide, and zirconium oxide. 

9. A method according to claim 1 comprising the initial step of 
etching silicon-containing layers on a substrate in the etching chamber, by the 
steps of: 

(a) introducing process gas comprising silicon etching 
gas into the etching chamber; and 

(b) forming an etching plasma from the process gas by 
applying RF current at a source power level to an inductor coil adjacent to the 
chamber, and applying a RF voltage at a bias power level to process electrodes 
in the chamber, wherein the power ratio P, of the source power level to the bias 
power level is less than about 20:1, thereby rapidly etching the silicon- 
containing layer with reduced formation of etch residue on the walls and 
components of the chamber. 
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10. A method of etching a substrate, and treating and 
conditioning surfaces of walls and components in an etching chamber, the 
method comprising the steps of: 

(a) etching the substrate in the etching chamber thereby 
depositing etch residue on the surfaces of the walls and components in the 
etching chamber; and 

(b) simultaneously transporting the substrate out of the 
chamber, while introducing a burst of high flow rate F„ of activated cleaning gas 
into the etching chamber for a time period sufficient to treat and condition the 
surfaces of the etching chamber substantially without eroding the surfaces. 

11. A method according to claim 10 wherein in step (b) the 
activated cleaning gas is introduced into the etching chamber at a flow rate F R 
equivalent to a rate of about 200 to about 2000 seem for a chamber having a 
volume of about 40,000 cm 3 for a time period of about 0.5 to about 100 
seconds. 

1 2. A method according to claim 1 1 wherein the activated 
cleaning gas is introduced into the etching chamber for about 0.5 to about 24 
seconds. 

13. A method according to claim 10 wherein the cleaning gas is 
activated by microwaves applied in the remote chamber by a microwave plasma 
generator operated at a power level of about 500 to about 4000 Watts. 



14. A method according to claim 1 wherein the etching 
chamber is maintained at a higher pressure than the remote chamber. 
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15. A method according to claim 14 wherein the etching 
chamber is maintained at a pressure of about 0.1 to about 80 mTorr, and the 
remote chamber is maintained at a pressure of about 500 to about 3000 mTorr. 

16. A method according to claim 1 1 wherein the surfaces in the 
etching chamber comprise one or more of aluminum nitride, boron carbide, 
boron nitride, diamond, silicon oxide, silicon carbide, silicon nitride, titanium 
oxide, titanium carbide, yttrium oxide, and zirconium oxide. 

17. A method for treating an etching chamber to remove an 
etch residue from walls and components of the etching chamber, the method 
comprising the steps of introducing a burst of activated cleaning gas into the 
etching chamber at a flow rate F R equivalent to a rate of at least about 200 to 
about 2000 seem for an etching chamber having a volume of about 40,000 cm 3 
for a time period of about 0.5 to about 100 seconds to clean the etch residue, 
substantially without eroding the walls and components in the chamber. 

18. A method according to claim 17 wherein the activated 
cleaning gas is introduced into the etching chamber for about 0.5 to about 24 



1 9. A method according to claim 1 7 wherein the cleaning gas is 
activated by microwaves applied in the remote chamber by a microwave plasma 
generator operated at a power level of about 500 to about 4000 Watts. 

20. A method according to claim 1 7 wherein the etching 
chamber is maintained at a higher pressure than the remote chamber. 
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21 . A method according to claim 20 wherein the etching 
chamber is maintained at a pressure of about 0.1 to about 80 mTorr, and the 
remote chamber is maintained at a pressure of about 500 to about 3000 mTorr. 

22. A method according to claim 1 7 wherein the surfaces in the 
etching chamber comprise one or more of aluminum nitride, boron carbide, 
boron nitride, diamond, silicon oxide, silicon carbide, silicon nitride, titanium 
oxide, titanium carbide, yttrium oxide, and zirconium oxide. 

23. A method for treating an etching chamber to remove an 
etch residue from walls and components of the etching chamber, the method 
comprising the steps of: 

(a) a first stage, in which a first activated cleaning gas 
formed by maintaining the gas activator in the remote chamber at a first power 
level, is introduced into the etching chamber; 

(b) at least one second stage, in which a second 
activated cleaning gas formed by maintaining the gas activator in the remote 
chamber at a second power level different from the first power level, is 
introduced into the etching chamber. 

24. A method according to claim 23 wherein the first and 
second stages are each performed for about 0.5 to about 100 seconds. 

25. A method according to claim 23 wherein in the first stage, 
25 the power level applied to the microwave generator is at least about 2000 

watts, and wherein in the second stage, the power level applied to the 
microwave generator is at less than about 1000 watts. 
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26. A method according to claim 23 wherein in one or both of 
the stages, the activated cleaning gas is introduced into the etching chamber at 
a flow rate F R equivalent to a rate of about 200 to about 2000 seem for a 
chamber having a volume of about 40,000 cm 3 . 

5 

27. A method according to claim 23 wherein the etching 
chamber is maintained at a pressure of about 0.1 to about 80 mTorr, and the 
remote chamber is maintained at a pressure of about 500 to about 3000 mTorr. 

10 28. A method according to claim 23 wherein the surfaces in the 

etching chamber comprise one or more of aluminum nitride, boron carbide, 
boron nitride, diamond, silicon oxide, silicon carbide, silicon nitride, titanium 
oxide, titanium carbide, yttrium oxide, and zirconium oxide. 

15 29. An apparatus for etching a substrate, the apparatus 

comprising: 

(a) an etching chamber having a process gas inlet for 
introducing process gas into the chamber, a plasma generator for forming a 
plasma from the process gas for etching a substrate, and an exhaust system for 

20 exhausting the spent process gas from the etching chamber; 

(b) a remote chamber adjacent to the etching chamber 
for forming an activated cleaning gas therein; 

(c) a gas distribution system comprising (i) a gas conduit 
for transporting the activated cleaning gas from the remote chamber to the 

25 etching chamber, (ii) a gas flow distributor for directing the flow of activated 

cleaning gas substantially parallel, and adjacent to, one or more internal surfaces 
of the chamber, and (iii) a gas flow regulator for regulating the flow of activated 
cleaning gas into the gas flow distributor. 
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30. The apparatus of claim 29 wherein the gas flow distributor 
comprises a plurality of gas injection nozzles positioned in the etching chamber 
to be adjacent to the portions of the surfaces in the chamber that have thicker 
etch residue layers. 

5 

31. The apparatus of claim 29 wherein the gas flow distributor 
comprises a plurality of gas injection nozzles arranged symmetrically about a 
central axis of the chamber. 

10 32. The apparatus of claim 29 wherein the gas flow injection 

nozzles are positioned behind a plate parallel to a surface of the chamber. 

33. The apparatus of claim 29 wherein the gas flow distributor 
comprises one or more gas injection nozzles terminating in a channel in the 

15 chamber, the channel comprising an extended annular ledge covering at least a 
portion of the channel. 

34. A method of using the apparatus of claim 29 to etch a 
substrate, the method comprising the steps of: 

20 (1) etching the substrate in the etching chamber; 

(2) removing the substrate from the chamber; and 

(3) during or after step (2), cleaning and conditioning the 
chamber by introducing activated cleaning gas into the etching chamber using 
the gas flow distribution system. 

25 

35. An apparatus for etching a substrate, the apparatus 

comprising: 

la) an etching chamber having a process gas inlet for 
introducing process gas into the chamber, a plasma generator for forming a 
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plasma from the process gas for etching a substrate, and an exhaust system for 
exhausting the spent process gas from the etching chamber; 

(b) a remote chamber adjacent to the etching chamber 
for forming an activated cleaning gas therein; 

(c) a gas distribution system comprising (i) a gas conduit 
for transporting the activated cleaning gas from the remote chamber to the 
etching chamber, (ii) a gas flow distributor having nozzles positioned adjacent to 
a surfaces in the chamber that have thicker etch deposit layers, for directing the 
flow of activated cleaning gas to these regions to preferentially remove the 
thicker etch deposit layers without eroding portions of the chamber having 
thinner deposit layers. 



36. The apparatus of claim 35 wherein the gas flow distributor 
comprises a plurality of gas injection nozzles arranged symmetrically about a 
central axis of the chamber. 



37. The apparatus of claim 35 wherein the gas flow injection 
nozzles are positioned behind a plate parallel to a surface of the chamber. 

38. The apparatus of claim 35 wherein the gas flow distributor 
comprises one or more gas injection nozzles terminating in a channel in the 
chamber, the channel comprising an extended annular ledge covering at least a 
portion of the channel. 
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THIN-FILM FORMING APPARATUS HAVING AN 
AUTOMATIC CLEANING FUNCTION FOR 
CLEANING THE INSIDE 
[0001] This application is a divisional of U.S. patent 
application Ser. No. 09 /511,934, filed Feb. 24, 2000, the 
disclosure of which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The invention relates to a thin-film forming appa- 
ratus that is used in a process for semiconductor device 
circuit manufacturing, and particularly to a thin-film form- 
ing apparatus having an automatic cleaning function, and an 
automatic cleaning method of a thin-film forming apparatus. 
[0004] 2. Description of the Related Art 
[0005] In the process of forming a film on a semiconductor 
substrate, the semiconductor substrate, i.e., workpiece is 
placed on a resistance type of heater that functions as a 
susceptor provided in an evacuated reaction chamber. After 
a showerhead having holes for expelling reaction gas is 
opposed to the heater, radiofrequency energy at 13.56 MHz 
is applied to the showerhead, by which a plasma discharge 
region is formed between the heater supporting the semi- 
conductor substrate and the showerhead. Reaction gas sup- 
plied by the showerhead is excited and activated in the 
plasma discharge region, and a film is formed, depending on 
the kinds of reaction gas, on the semiconductor substrate. At 
this time, films and reaction by-products adhere to the inside 
surface of the reaction chamber in addition to the semicon- 
ductor substrate. 

[0006] With repeated film formation processes, unwanted 
deposits adhering to portions other than the semiconductor 
substrate accumulate. After separating from the attached 
surface the unwanted deposits become particles and stick to 
the surface of the semiconductor substrate, causing impurity 
contamination, stopping functions of semiconductor 
devices. To eliminate unwanted deposits from the reaction 
chamber, many thin film-forming apparatuses may have an 
automatic cleaning function. 

[0007] The automatic cleaning function cleans the reac- 
tion chamber using a fluorine-containing active species, 
after detaching the semiconductor substrate on which film 
formation is complete, from the heater and conveying it 
outside of the reaction chamber. Specifically, when forming 
a silicon nitride film on the semiconductor substrate, a 
mixture gas of SiH„, NH 3 and N 2 is furnished to the reaction 
chamber as a reaction gas to produce a plasma discharge 
region in the reaction chamber using radiofrequency energy. 
[0008] The unwanted deposits, which mainly comprises 
the same material as the film deposited on a semiconductor 
substrate, also adhere to the inner surface of the reaction 
chamber. After the finished semiconductor substrate is con- 
veyed outside of the reaction chamber, C 2 F 6 and oxygen or 
a mixture gas of C 3 F 8 and oxygen are supplied to the 
reaction chamber from the showerhead. Then fluorine active 
species is generated in the reaction chamber by applying 
radiofrequency energy of 13.56 MHz. The unwanted depos- 
its inside of the reaction chamber are gasified by the fluorine 
active species and exhausted from the reaction chamber. 



Automatic cleaning sequence after performing film forma- 
tion once or more than once on the semiconductor substrate 
always keeps clean the inside of the reaction chamber. 

[0009] Film-forming requirements of a silicon nitride film 
and an silicon oxinitride film (silicon nitride type of film) by 
a capacitance coupling plasma CVD method are conven- 
tionally that a gas flow ratio of a SiH 4 :N 2 :NH 3 system is 
approximately SiH„:N 2 :NH 3 =l:l-50:l-10, and that the tem- 
perature for a workpiece is approximately below 400° C. 
Both requirements are used industrially for insulating films 
of a semiconductor device. Some examples of the film- 
forming requirements are disclosed in U.S. Pat. No. 5,336, 
640. Since the films incorporate hydrogen, when a step 
having a higher temperature than the film-forming tempera- 
lure follows, the hydrogen incorporated in the films is 
released, which remarkably worsens electrical characteris- 
tics of the semiconductor device. Therefore, a main appli- 
cation is a final passivation film for the semiconductor 
device which does not have the step of higher temperature 
processing (the example disclosed in U.S. Pat. 5,336,640 is 
the one used as a final protection film). 

[0010] To solve a problem of an increase in RC delay 
(which is proportional to the product of metal line resistance 
and capacitance between lines) in the wiring accompanied 
by increased density of semiconductor devices, there are 
proposals that resistance should be lowered by the introduc- 
tion of Cu wiring, and that distribution line capacitance 
should be reduced. In the semiconductor device having Cu 
wiring, because the Cu wiring is high in heat resistance, a 
SiOF film formed by relatively high temperature plasma 
CVD can be used as an insulating film disposed between the 
metal lines. 

[0011] When applying Cu wiring, a damascene step is 
generally conducted in which ditch patterns of metal lines in 
an insulating film between layers are formed and Cu wiring 
is embedded in the ditches. To form the ditches in an 
insulating film between layers, hetero-etching by reactive 
ion etching (RIE) can be used. A silicon nitride type of film 
formed by plasma CVD may be used as a RIE etching- 
stopping layer. A silicon nitride type of film formed by 
plasma CVD may be used as an antireflective film to prevent 
the reflection of exposed light in the lower part of a resist at 
a lithography step so as to accurately perform a fine- 
structure processing. 

[0012] In the above situations, a processing temperature of 
approximately 400° C. has increased to exceed 500° C. 
When the substrate is heated to over 500° C. and film- 
forming on the semiconductor substrate is executed, 
unwanted deposits adhere to the inside of the reaction 
chamber. Since the attached unwanted deposits are a source 
of particles and contamination, they are removed by execut- 
ing the automatic cleaning sequence as previously men- 
tioned. In the process of forming a silicon nitride film, gas 
including fluorine is used for automatic cleaning. At the 
plasma discharge region in the reaction chamber or at the 
excitation chamber isolated from the reaction chamber, a 
fluorine active species is generated which is used to remove 
the unwanted deposits in the reaction chamber. In order to 
form a film on the semiconductor substrate, the surface of 
the ceramic heater supporting the substrate is set at a 
predetermined temperature range for film formation. When 
the semiconductor substrate on which film formation is 
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complete is conveyed out of the reaction chamber, the 
automatic cleaning sequence follows immediately. That is, 
parts in the reaction chamber, especially a ceramic heater 
which holds directly and heats a semiconductor substrate, is 
in a state so-called "film-forming temperature" at which 
high temperature it is exposed to the environment of auto- 
matic cleaning. However, the above conventional cleaning 
treatment causes problems as described below. 

SUMMARY OF THE INVENTION 

[0013] In order to form a film on the semiconductor 
substrate, the surface of the ceramic heater supporting the 
substrate is set at a predetermined temperature range of 
470-600° C. In the temperature environment in excess of 
470° C, even aluminum nitride reacts with the fluorine 
active species to generate aluminum fluoride, which in turn 
emits the aluminum fluoride generated to the reaction cham- 
ber. When the surface temperature of the healer exceeds 
500° C, generation and emission of aluminum fluoride 
causes extensive damage to the reaction chamber. The 
temperature of the surface of a showerhead opposed to the 
ceramic heater supporting the semiconductor substrate is 
100-250° C. which is lower than that of the ceramic heater. 
Aluminum fluoride emitted from the ceramic heater adheres 
to the showerhead of relatively lower temperature, and 
accumulates due to the reaction with fluorine active species 
during the automatic cleaning sequence. The aluminum 
fluoride once stuck to the showerhead cannot be removed 
except for wiping off with the reaction chamber open. 

[0014] An objective of the present invention is to provide 
an automatic cleaning method which does not produce 
aluminum fluoride on a showerhead. 

[0015] Another objective of the present invention is to 
realize forming a film with good reproducibility and without 
foreign contamination (particles) by an automatic cleaning 
sequence. 

[0016] Yet another objective of the present invention is to 
provide a thin-film forming apparatus which reduces non- 
working hours for cleaning and enhances productivity by 
use of an automatic cleaning sequence. 

[0017] Namely, an embodiment of the present invention A 
thin-film forming apparatus comprising: (a) a reaction cham- 
ber for forming a thin film on a workpiece placed on a 
susceptor provided in the reaction chamber, which susceptor 
is provided with a heater for heating the workpiece, which 
reaction chamber is provided with a conveyer for loading 
and unloading the workpiece into and from the reaction 
chamber; and (b) a cleaning device for cleaning unwanted 
deposits adhering to the inside of the reaction chamber at 
predetermined intervals, which cleaning device comprises, 
(i) a cleaning gas controller for introducing a cleaning gas 
into the reaction chamber and evacuating the reaction cham- 
ber after the cleaning treatment; (ii) a cleaning gas activator 
for activating the cleaning gas in radical form; and (iii) a 
temperature and timing controller programmed to reduce the 
temperature of the susceptor at a predetermined rate for 
cleaning after completion of film formation and then to 
actuate the cleaning gas controller and the cleaning gas 

[0018] In the above, the temperature of the susceptor for 
cleaning is preferably 500° C. or less, more preferably 470° 



C. or less, while the temperature of the susceptor for film 
formation may be higher than 500° C. In an embodiment, the 
cleaning gas includes fluorine, and the activated cleaning 
gas includes fluorine radicals. Among others, the cleaning 
gas can be activated using a plasma discharge region gen- 
erated in the reaction chamber or using a remote plasma 
discharge chamber prior to introduction of the cleaning gas 
into the reaction chamber. Further, the cleaning gas control- 
ler can introduce the cleaning gas through a showerhead 
disposed above the susceptor in the reaction chamber. 

[0019] In an embodiment, the unwanted deposits include 
silicon nitride, SiO, SiON, SiOF, SiC, and hydrocarbon. The 
apparatus includes a plasma CVD apparatus and a thermal 
CVD apparatus. 

[0020] The present invention can also apply to a method 
for cleaning unwanted deposits adhering to the inside of a 
reaction chamber for forming a thin film on a workpiece 
placed on a susceptor provided in the reaction chamber, said 
susceptor being provided with a heater for heating the 
workpiece, said reaction chamber being provided with a 
conveyer for loading and unloading the workpiece into and 
from the reaction chamber, said method comprising: (a) 
reducing the temperature of the susceptor at a predetermined 
rate for cleaning after completion of film formation; (b) 
contacting the inside of the reaction chamber with an 
activated cleaning gas, and (c) cleaning the unwanted depos- 
its by the activated cleaning gas. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shows one example of a thin film-forming 
and processing apparatus according to the present invention. 

[0022] FIG. 2 illustrates a thin film-forming and process- 
ing apparatus having a remote plasma discharge chamber. 

[0023] FIG. 3 illustrates the measurement results of the 
thickness of formed silicon nitride films. 

[0024] FIG. 4 illustrates the distribution lines of the 
thickness of formed silicon nitride films on one semicon- 
ductor substrate 9. 

[0025] FIG. 5 illustrates the measurement results of par- 
ticles on the surface of semiconductor substrates after the 
formation of silicon nitride films. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0026] Applicable Thin-Film Forming Apparatus 

[0027] When a conventional silicon nitride film formed by 
plasma CVD in the semiconductor device is used, a problem 
arises. That is, after forming a silicon nitride type of film 
having a high hydrogen concentration which has been used 
as a final protection film in the past, when forming a SiOF 
film formed by relatively high temperature plasma CVD on 
(he silicon nitride type of film, hydrogen in the SiOF film is 
dissociated during formation and coherence of the film is 
reduced, causing separation of the film. The reason is that 
the film-forming temperature is 470° C, which is relatively 
high. When separation of the film has occurred, yield of the 
workpiece will, as a whole, drop because a semiconductor 
device including, separated portions causes short circuits in 
distribution lines and poor conduction. 



n 
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[0028] A silicon nitride type of film formed by thermal 
CVD over 700° C. without plasma may not be used as an 
inter-layers insulating film, because the film-forming tem- 
perature is too high after formation of Al or Cu. Since almost 
no hydrogen is included in the film, the silicon nitride type 
of film has been used as an etching stopping layer for a first 
between-layers insulating film on the semiconductor device 
to which a thermal step is applied later. 

[0029] However, because semiconductor devices have 
become highly minute in recent years, accordingly, gate 
length has become smaller and it is now below 0.18 82 m. 
Therefore it is difficult to prevent formation and diffusion of 
impurity layers due to the thermal load when in high 
temperature thermal steps of over 700° C. In the case of 
insufficient control of diffused layers, reliance on semicon- 
ductor devices will be reduced since there is produced 
dispersion in operating voltage. Thus, desired is a film- 
forming method requiring a low thermal load for semicon- 
ductor devices which enables film-forming at a lower tem- 
perature than that of high temperature thermal CVD, the film 
being a silicon nitride type of film having a low density of 
hydrogen. 

[0030] To this end, the inventors have invented a method 
of forming a silicon nitride film using plasma CVD at a 
relatively higher temperature which is described in Japanese 
Patent Application No. 11-243914. By raising a semicon- 
ductor substrate temperature of approximately 400° C. in the 
past to a range of 430-600° C, a silicon nitride film having 
a low density of hydrogen can be formed. The semiconduc- 
tor substrate temperature is preferably over 470° C. and 
more preferably over 550-600° C. 

[0031] To set a semiconductor substrate temperature at 
470-600° C, the surface of a heater (which supports the 
semiconductor substrate) for heating the substrate requires 
raising the temperature to 500-650° C, which is beyond the 
heat resistance of a metallic heater where a sheath heater is 
buried in conventional aluminum alloy. Accordingly, a 
ceramic heater is used so that high temperatures can be 
attained. As a ceramic material, aluminum nitride with high 
heat conductivity may generally be used. A ceramic heater 
comprising an aluminum nitride disk or plate has a resis- 
tance heater and a metal for a plasma-discharge ground 
electrode embedded by integral sintering, which allows the 
semiconductor substrate to be heated to approximately 650° 
C. 

[0032] Analysis of Conventional Cleaning System 

[0033] When the substrate is heated to over 470° C. using 
the ceramic heater and film-forming on the semiconductor 
substrate is executed, unwanted deposits adhere to the inside 
of the reaction chamber. Since the attached unwanted depos- 
its are a source of particles and contamination, they are 
removed by executing the automatic cleaning sequence as 
previously mentioned. In the process of forming a silicon 
nitride film, gas including fluorine is used for automatic 
cleaning. At the plasma discharge region in the reaction 
chamber or at the excitation chamber remote from the 
reaction chamber, a fluorine active species is generated 
which is used to remove the unwanted deposits in the 
reaction chamber 

[0034] In order to form a film on the semiconductor 
substrate, the surface of the ceramic heater supporting the 



substrate is set at a predetermined temperature range of 
470-600° C. When the semiconductor substrate on which 
film formation is complete is conveyed out of the reaction 
chamber, the automatic cleaning sequence follows immedi- 
ately. That is, one of the parts in the reaction chamber, 
especially a ceramic heater which holds directly and heats a 
semiconductor substrate, is in a state so-called "film-form- 
ing temperature" al which high temperature it is exposed to 
the environment of automatic cleaning. In the temperature 
environment in excess of 470° C, even aluminum nitride 
reacts with the fluorine active species to generate aluminum 
fluoride, which in turn emits the aluminum fluoride gener- 
ated to the reaction chamber. 

[0035] When the surface temperature of the heater exceeds 
500° C, generation and emission of aluminum fluoride 
causes extensive damage to the reaction chamber. The 
temperature of the surface of a showerhead opposed to the 
ceramic heater supporting the semiconductor substrate is 
100-250° C. which is lower than that of the ceramic heater. 
Aluminum fluoride emitted from the ceramic heater adheres 
to the showerhead of relatively lower temperature, and 
accumulates due to the reaction with fluorine active species 
during the automatic cleaning sequence. The aluminum 
fluoride once stuck to the showerhead cannot be removed 
except for wiping off with the reaction chamber open. 

[0036] The accretion of aluminum fluoride to the surface 
of the showerhead causes two substantial problems. One 
problem is that growth speed of a film to be formed on the 
semiconductor substrate varies. When non-conductive alu- 
minum fluoride adheres to the surface of the showerhead, the 
non-conductive aluminum fluoride functions as a newly 
formed electric insulator formed on the surface of the 
showerhead, thereby reducing a film-forming speed. The 
difference in accretion of aluminum fluoride (thickness) at 
the surface of the single showerhead produces abnormal 
distribution lines in formed film thickness on the surface of 
a semiconductor substrate. The degree of variability of no 
more than ±3% is required regarding film thickness (value 
defined by subtracting the minimum thickness from the 
maximum thickness and dividing it by 2 times the average). 

[0037] Differences in film thickness formed on the semi- 
conductor substrate leads to non-uniformity of semiconduc- 
tor device functions of the semiconductor substrate. In the 
case where film thickness cannot be attained as designed, the 
semiconductor devices do not function properly and are 
judged to be inferior. Attachment of aluminum fluoride to 
the entire surface of the showerhead gives rise to insufficient 
thickness of the entire film on the semiconductor substrate. 
Repeated film formation on the semiconductor substrate 
gradually reduces film thickness which should otherwise 
increase. According to present technological standards, 
reproducibility of film thickness on the semiconductor sub- 
strate should be less than approximately ±3%. When film 
thickness grown on the semiconductor substrate varies 
beyond this value, all the semiconductor devices on the 
semiconductor substrate are inferior. 

[0038] The second problem is contamination of the semi- 
conductor substrate by particles. If aluminum fluoride 
accretes to and accumulates on the surface of the shower- 
head, particles of the aluminum fluoride will slough off the 
surface and adhere to the surface of the semiconductor 
substrate. The aluminum fluoride deposited on the semicon- 
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ductor substrate cause contamination or defect at the bottom, 
middle or surface of a film to be formed on the semicon- 
ductor substrate, which causes malfunctions of the semicon- 
ductor device. Generally speaking, the number of particles 
attached on the semiconductor substrate should not exceed 
20 with a diameter of over 0.2 /im. 
[0039] In addition, in order to eliminate problems caused 
by aluminum fluoride, as mentioned before, there is no other 
way than to physically remove aluminum fluoride accreted 
to the surface of the showerhead; film-forming and process- 
ing is interrupted, the reaction chamber is opened, and 
wipe-off cleaning must be done manually. Because the 
wipe-off cleaning is performed while film-forming and 
processing by a thin-film forming apparatus are stopped, 
operating efficiency and productivity of the apparatus are 
remarkably decreased. 

[0040] Film-Formation and Processing Prior to Cleaning 
[0041] In an embodiment, there is provided a first semi- 
conductor substrate as a workpiece for film-forming and 
processing, on a heater with a surface temperature of over 
500° C. placed in a reaction chamber of a thin-film forming 
apparatus. Reaction gas is furnished from a showerhead to 
which is applied radiofrequency energy of 13.56 MHz. At a 
plasma discharge region generated between the showerhead 
and the heater supporting the semiconductor substrate, the 
reaction gas is dissolved and a thin film is formed on the 
semiconductor substrate. The first semiconductor substrate, 
on which film formation is complete, is removed from the 
heater and conveyed out of the reaction chamber. A second 
semiconductor substrate for film-forming and processing is 
carried into the reaction chamber and is placed on the heater. 
The same film-forming and processing steps are conducted 
as with the first semiconductor substrate. The second semi- 
conductor substrate is removed from the reaction chamber 
after film-forming and processing is complete. 
[0042] When conducting a series of film-forming and 
processing processes (film sequence) of #1 to #n semicon- 
ductor substrates, after removing the #n semiconductor 
substrate from the reaction chamber, a cleaning sequence 
follows which cleans unwanted deposits adhering to the 
inside of the reaction chamber. 
[0043] Subsequent Cleaning Sequence 
[0044] The cleaning sequence includes a cooling step 
which lowers the temperature of the heater supporting and 
heating the semiconductor substrate. When the #n semicon- 
ductor substrate is removed from the reaction chamber and 
automatic cleaning for the reaction chamber gets ready to 
operate, nitrogen gas is introduced into the reaction chamber 
to obtain an arbitrary pressure and the temperature of the 
ceramic heater is lowered at a rate not exceeding 20° C. per 

[0045] When the surface temperature of the ceramic heater 
is below 500° C, cleaning gas is injected into the reaction 
chamber to conduct automatic cleaning in the reaction 
chamber and unwanted deposits adhering to the inside of the 
reaction chamber will be gasified and exhausted. The clean- 
ing step which removes the products from the reaction 
chamber can be performed substantially in the following 
way, although the step should not be limited thereto: 
[0046] In-Situ Plasma Cleaning 

[0047] In an embodiment, a mixture gas of C 3 F S gas and 
oxygen gas controlled at a predetermined flow is introduced, 



as a cleaning gas, into the reaction chamber from the shower 
head. Maintaining the inside of the reaction chamber at a 
predetermined pressure, radiofrequency energy of 13.56 
MHz, for example, is applied to the showerhead to form a 
plasma discharge region between the showerhead and the 
ceramic healer. The cleaning gas introduced from the show- 
erhead is activated by the plasma discharge to become a 
fluorine-containing active species which reacts with the 
unwanted deposits adhering to the inside of the reaction 
chamber and transforming into gas material to be evacuated 
from the reaction chamber by an evacuation pump. During 
the cleaning step, the surface temperature of the ceramic 
heater is kept at below 500° C. 

[0048] The cleaning step is terminated when radiofre- 
quency energy applied to the showerhead and C 3 F 8 gas is 
terminated. The oxygen gas supplied to the reaction chamber 
as part of the cleaning gas is injected into the reaction 
chamber after the completion of the cleaning step. The 
fluorine active species produced during the cleaning step and 
the reaction products produced by the reaction between the 
fluorine active species and the unwanted deposits in the 
reaction chamber are purged from the reaction chamber. 
After evacuating the reaction chamber, a heating step fol- 
lows that raises the temperature of the ceramic heater to the 
temperature for film-forming and processing of the semi- 
conductor substrate. When the ceramic heater temperature 
reaches a predetermined temperature, the automatic cleaning 
sequence is complete. When the automatic cleaning 
sequence is finished, the #(n+l) semiconductor substrate is 
brought in the reaction chamber to be placed on the ceramic 
healer. Then the aforementioned thin film-forming and pro- 
cessing of the semiconductor substrate (film-forming 
sequence) is conducted. 

[0049] Remote Plasma Cleaning 

[0050] The aforementioned cleaning step can be done in 
another way including the following: The cleaning gas is 
activated in a remote plasma discharge chamber remote 
from the reaction chamber where thin film formation on the 
semiconductor substrate is performed. The activated clean- 
ing gas is introduced via a duct into the reaction chamber 
where thin-film forming and processing to the semiconduc- 
tor substrate is executed. The activated cleaning gas, intro- 
duced into the reaction chamber, transforms the unwanted 
deposits adhering to the inside of the reaction chamber into 
gaseous material which is expelled from the reaction cham- 
ber. 

[0051] When thin film-forming and processing of a pre- 
determined number of semiconductor substrates is complete 
and when the automatic cleaning sequence in the reaction 
chamber is complete, the cooling step is conducted which 
reduces the temperature of the heater supporting the semi- 
conductor substrate to below 500° C. When the cooling step 
is complete, argon gas controlled at a predetermined flow 
rate is furnished in the remote plasma discharge chamber. 
After radiofrequency discharge of 400 kHz is generated in 
the remote plasma discharge chamber, a cleaning gas includ- 
ing fluorine such as NF 3 controlled at a predetermined flow 
rate is introduced to generate a fluorine active species. The 
fluorine active species is introduced into the reaction cham- 
ber via the remote plasma discharge chamber and the duct 
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which connects the reaction chamber for film formation. The 
inside of the reaction chamber is cleaned by the fluorine 
active species, the heating step is performed as previously 
described wherein the heater temperature in the reaction 
chamber is raised to the thin film formation temperature. 

[0052] The first automatic cleaning sequence mentioned is 
called in-situ plasma cleaning, in which, to activate cleaning 
gas, a discharge electrode in the reaction chamber used at the 
time of film formation and a radiofrequency energy supply 
are employed. The second automatic cleaning sequence 
mentioned is called remote plasma cleaning, in which, to 
activate cleaning gas, the remote plasma discharge chamber 
placed away from the reaction chamber is used, but not the 
radiofrequency energy supply for film formation. 

EXAMPLE 1 

[0053] Structures of Apparatus (In-Situ Plasma Cleaning) 

[0054] FIG. 1 shows one example of a thin film-forming 
and processing apparatus 1 according to the present inven- 
tion, in which a parallel plate plasma CVD apparatus and an 
in-situ plasma cleaning apparatus for automatic cleaning are 
used. 

[0055] A workpicce 9 to be processed such as a semicon- 
ductor substrate is placed on a ceramic heater 3 to hold the 
workpiece in a reaction chamber 2. Opposed to the heater 3 
is placed a showerhead 4 which provides uniform reaction 
gas on the workpiece 9. Reaction gas for forming a film on 
the surface of the workpiece 9 is controlled at a predeter- 
mined flow by a mass flow controller (not shown), and 
enters a duct 5 to a duct 11 through a valve 6. After passing 
through an aperture 7 of the reaction chamber 2, the gas is 
provided within the reaction chamber 2 through thousands 
of tiny holes, with a diameter of less than 1 mm, of the 
showerhead 4. 

[0056] To evacuate the reaction chamber 2, an evacuation 
pump (not shown) is connected to an aperture 20 of the 
reaction chamber 2 via a duct 17 and a conductance con- 
trolling valve 21. The heater 3 for holding the workpiece 9 
includes a aluminum nitride plate 13 with a resistance 
heating element 26 embedded, and is connected to the 
reaction chamber 2 by a shaft 29. 

[0057] Film-Formation Process 

[0058] A method of forming a film on the workpiece 9 will 
be explained below. When a silicon nitride film is formed on 
the workpiece 9, gases of SiH 4 , NH 3 and N 2 , or SiH 4 and 
NH 3 , or SiH„ and N 2 are used as a reaction gas, and 
radiofrequency energy of 13.56 MHz, or power of a mixture 
of 13.56 MHz and 430 kHz is applied to the showerhead 4. 
The workpiece 9 receives heat from the heater with 600° C. 
to have a temperature in the range of approximately 530° 
C.-550° C. Reaction gases such as SiH 4 and N 2 , etc. are 
introduced into the duct 11 through the valve 6 from the duct 
5, and are uniformly supplied to the inside of the reaction 
chamber 2 through the shower head 4 from the aperture 7 of 
the duct 11. While introducing the reaction gases into the 
reaction chamber 2 at a predetermined flow rate, the pressure 
of the reaction chamber 2 is adjusted in a range of 1 Ton to 
8 Torr in response to a signal at a pressure meter 28a via the 
opening of a conductance controlling valve 21 controlled by 
a pressure controller 28. 



[0059] As mentioned above, while maintaining the tem- 
perature, gas flow and pressure controlled at predetermined 
values, a predetermined radiofrequency energy is applied 
between the electrodes to generate plasma, which in turn 
forms a silicon nitride film on the workpiece 9. By control- 
ling the duration of time that the radiofrequency energy is 
applied, a silicon nitride film with a necessary thickness may 
be obtained. After completing formation of the film on the 
workpiece 9, the workpiece 9 is conveyed outside of the 
reaction chamber 2 by an automatic conveyer (not shown) 
when a gate valve 18 of a reaction chamber opening 19 is 
opened. 

[0060] In-Situ Plasma Cleaning Sequence 
[0061] The unwanted deposits adhering to the inside of the 
reaction chamber 2 in forming the film on the workpiece are 
removed in an automatic cleaning sequence. The automatic 
cleaning sequence comprises the steps of: cooling, which 
cools the temperature of the heater 3 supporting the work- 
piece 9 to below 500° C; cleaning, which cleans the inside 
of the reaction chamber 2; and heating, which raises the 
temperature of the heater 3 to 600° C. for film formation. 
[0062] In the cooling step, introducing nitrogen gas at 2 
liters per minute (2 slm) in the reaction chamber 2, the 
pressure can be within a range of 0.5-9 Torr, and the 
temperature of the heater 3 can be lowered at a rate of not 
over 20° C. per minute. The flow of nitrogen gas is not 
limited to 2 liters per minute. The gas to be introduced is not 
limited to nitrogen; instead, inert gas, such as helium, argon, 
etc. which do not damage the ceramic heater 3, the reaction 
chamber 2, and the articles inside, may be used. The 
temperature lowering rate of the heater 3 is not limited to 
under 20° C. per minute; any rate which does not cause 
damage to the heater 3 may be used. When the temperature 
of the heater 3 is below 500° C, the cooling step is complete. 
Preferably, it should be below 450° C. The temperature of 
the heater 3 is defined by that on the surface of the ceramic 
heater which touches the back side of the semiconductor 
substrate 9. 

[0063] The cleaning step is conducted in the following 
way. A mixture of C 3 F S with 300 seem and oxygen with 700 
seem is introduced as a cleaning gas to the inside of the 
reaction chamber 2 from the showerhead 4. With the pres- 
sure in the reaction chamber 2 within a range of 2-5 Torr, 
13.56 MHz of radiofrequency energy of 500 w-2,000 w is 
applied to the showerhead 4 to cause a plasma discharge 
region between the showerhead 4 and the ceramic heater 3. 
The cleaning gas is activated by the plasma, which generates 
a fluorine-containing active species. The fluorine active 
species reacts with the unwanted deposits adhering to the 
inside of the reaction chamber 2 and eventually convert 
them into a gas. The gas is evacuated from the reaction 
chamber 2 through the aperture 20 by an evacuation pump 
(not shown). The temperature of the ceramic heater 3 during 
the cleaning steps is kept below 500° C. 
[0064] Upon completion of the cleaning of the reaction 
chamber 2, the supply of radiofrequency energy to the 
showerhead 4 is stopped and the supply of C 3 F 8 gas to the 
reaction chamber 2 is stopped. The inside of the reaction 
chamber 2 is purged by oxygen gas. By stopping the supply 
of oxygen gas and instead supplying nitrogen gas, the 
reaction chamber 2 may be purged. 

[0065] A subsequent heating step raises the temperature of 
the heater 3 to the film formation temperature. Nitrogen gas 
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is supplied to the reaction chamber 2 through the shower- 
head 4 at a rate of 2 liters per minute (2 slm), which holds 
the pressure of the reaction chamber 2 in a range of 0.5-9 
Torr. and raises the temperature of the heater 3 at a rate not 
exceeding 20° C. per minute. Gas supplied to the reaction 
chamber 2 is not limited to nitrogen gas; any gas is usable 
as long as it does not damage parts including the heater 3 in 
the reaction chamber 2. The flow of gas including nitrogen 
gas is not limited to 2 liters per minute (2 slm); any flow may 
be acceptable which can keep the pressure of the reaction 
chamber 2. 

[0066] In addition, the rate of the increase in temperature 
of the heater 3 is not limited to under 20° C. per minute; the 
temperature of the heater 3 can be raised at a rate which does 
not damage the heater 3. When the temperature of the heater 
3 has reached the film-forming temperature, the heating step 
is complete. Completion of the heating step completes the 
automatic cleaning sequence. The next workpiece is brought 
in, and the thin-film forming process is conducted. 
[0067] In the cooling and heating steps for changing the 
temperature of the heater 3, the rate of change is not limited 
to under 20° C. per minute. As long as the heater 3 is not 
damaged by the temperature change, the faster the tempera- 
ture change, the shorter the automatic cleaning sequence, 
which enhances productivity of the thin-film forming appa- 

EXAMPLE 2 

[0068] Structures of Apparatus (Remote Plasma Cleaning) 
[0069] FIG. 2 illustrates an example of a thin film- 
forming and processing apparatus 30 having a remote 
plasma discharge chamber, and is the same as a thin film- 
forming and processing apparatus of FIG. 1 except for the 
structure by which unwanted deposits adhering to the inside 
of the reaction chamber 2 are automatically removed. 
[0070] In the upper portion of the reaction chamber 2 are 
provided a duct 5 and a valve 6 which supply reaction gas 
to the reaction chamber 2 for thin film-forming and process- 
ing. The reaction gas is uniformly supplied onto the surface 
of a workpiece 9 through a showerhead 4 having thousands 
of fine holes with a diameter of less than 1 mm via a duct 14 
and an opening 32 of the reaction chamber 2. When con- 
ducting thin film-forming and processing of the workpiece 
9, a valve 15 is closed which valve is provided on the duct 
14 connecting a remote plasma discharge chamber 16 to the 
reaction chamber 2. 

[0071] Remote Plasma Cleaning Sequence 

[0072] After at least one of the thin film-forming and 
processing steps to the workpiece 9 in the reaction chamber 
2 is complete, an automatic cleaning sequence is done which 
cleans unwanted deposits deposited on the inside of the 
reaction chamber 2. The automatic cleaning sequence is, as 
mentioned before, comprised of three steps of: cooling, 
cleaning and heating up. The cooling step supplies nitrogen 
gas at 2 liters per minute to the reaction chamber 2 from the 
duct 5 via the valve 6, junction 31, duct 14, opening 32 and 
showerhead 4, and lowers the temperature of the heater 3 at 
a rate not exceeding 20° C. per minute, keeping the pressure 
of the reaction chamber 2 within a range of 0.5-9 Torr. 
[0073] Subsequently performed is the cleaning step which 
removes the unwanted deposits deposited on the inside of 



the reaction chamber 2. The step is done in the following 
way. The supply of nitrogen gas, which is complete during 
the cooling down step, is suspended, and after the reaction 
chamber is evacuated, argon gas is injected from the duct 22 
into the remote plasma discharge chamber 16 at a flow of 3 
liters per minute (3 slm). At that time, with the valve 15 open 
and the valve 6 closed, argon gas brought in from the duct 
22 is conveyed to the reaction chamber 2 through the remote 
plasma discharge chamber 16. 

[0074] Holding the pressure of the reaction chamber 2 in 
a range of 0.05-8 Torr, radiofrequency discharge of 400 kHz 
is generated in the remote plasma discharge chamber 16. The 
flow of argon is gradually changed to 2 liters per minute, and 
NF 3 gas is injected from the duct 22, which is gradually 
raised from zero to 1 slm by a mass flow controller (not 
shown). The gas supplied to the remote plasma discharge 
chamber 16 is changed simply by gradually increasing an 
amount of NF-. The gas (cleaning gas) supplied to the 
remote plasma discharge chamber 16 in a stable state 
consists of 2 liters of argon per minute and 1 liter of NF3 per 
minute. Radiofrequency discharge plasma generated in the 
remote plasma discharge chamber 16 produces a fluorine 
active species. The cleaning gas including the fluorine active 
species is injected to the showerhead 4 from the upper 
opening 32 of the reaction chamber 2 through the valve 15 
and duct 14. The cleaning gas, which is introduced into the 
reaction chamber 2 through thousands of small holes pro- 
vided on the shower head 4, transforms into gas the 
unwanted deposits deposited on the inside of the reaction 
chamber 2 and evacuates them from the reaction chamber 2. 
During the cleaning step, the temperature of the heater 3 
should be held at least below 500" C. 

[0075] The flow rate of the cleaning gas injected into the 
remote plasma discharge chamber 16 during the cleaning 
step is not limited to the previously described flow rate, and 
may be selected from the range of 100 seem to 5 slm 
regarding NF 3 and from the range of 100 seem to 5 slm 
regarding argon. As cleaning gas, instead of argon gas, rare 
gas such as helium may be used. Instead of NF 3 , CF gas such 
as C 3 F 8 may be used. At that time, in addition to, or instead 
of, argon gas, oxygen gas can be mixed. 

[0076] During the cleaning step, the temperature of the 
heater is kept below 500° C, preferably below 470° C, and 
more preferably below 450° C. Power frequency supplied to 
the remote plasma discharge chamber 16 is not limited to 
400 kHz, and may be selected from 300-500 kHz. The value 
of the power must be one by which a predetermined fluorine 
active species can be obtained. In the embodiment of the 
invention, power of 2,000-5,000 W at 400 kHz is used to 
generate radiofrequency discharge plasma in the remote 
plasma discharge chamber 16. 

[0077] After the unwanted deposits adhering to the inside 
of the reaction chamber 2 are completely removed from the 
inside of the reaction chamber 2 by the cleaning gas with the 
fluorine active species, the supply of NF3 gas injected from 
the duct 22 is suspended and the radiofrequency discharge in 
the remote plasma discharge chamber 16 is stopped. Even 
after the suspension of the supply of NF 3 gas and the 
radiofrequency discharge, argon gas is furnished to the 
reaction chamber 2 from the duct 22 via the remote plasma 
discbarge chamber 16, which purges the cleaning gas with 
the fluorine active species remaining in the reaction chamber 
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2. The heating step begins, which commences purging in the 
reaction chamber 2 by argon gas and raises the temperature 
of the heater 3 to the film-forming temperature. The heat-up 
step is executed the same way as the aforementioned cooling 
step except for raising the temperature of the heater 3 at a 
speed of less than 20° C. per minute. When the temperature 
of the heater 3 reaches the temperature (the film-forming 
temperature) at which thin film-forming and processing of 
the workpiece 9 is conducted, the heating step is complete. 

[0078] While cooling and heating are being conducted, 
introduction of nitrogen gas into the reaction chamber 2 may 
also be performed in the following alternative way. A 
predetermined flow of nitrogen gas is furnished to the duct 
22 and injected to the reaction chamber 2 via the remote 
plasma discharge chamber 16, valve 15, and duct 14. At this 
time, the valve 6 is closed and plasma discharge in the 
remote plasma discharge chamber 16 is not performed. Via 
the remote plasma discharge chamber 16 from the duct 22, 
injection of argon gas into the reaction chamber 2, and the 
cooling and heating steps can also be executed. 

[0079] Cleaning Results 

[0080] Embodiments in accordance with the invention 
will be explained. The result when a silicon nitride film was 
formed on the semiconductor at the film-forming tempera- 
ture 600° C. will be described below. The apparatus used 
was the thin film-forming and processing apparatus 30 in 
FIG. 2. The first semiconductor substrate 9, the workpiece, 
comprising aluminum nitride substrate, was placed on the 
ceramic heater 3. The ceramic heater 3 was held at 600° C. 
because of the resistance heater 26 embedded, which heated 
the first semiconductor substrate 9 supported on the ceramic 
heater 3 to 550° C. from approximately 540° C. SiH 4 gas and 
nitrogen were mixed and introduced from the duct 5. The 
mixed gas was uniformly distributed, by the showerhead 4, 
on the surface of the first semiconductor substrate 9 placed 
on the heater 3 in the reaction chamber 2. 

[0081] 400 W radiofrequency energy of 13.56 MHz were 
applied to the showerhead 4, and a plasma region was 
formed between the showerhead 4 and the heater supporting 
the first semiconductor substrate 9. A silicon nitride film of 
100 nm was then formed on the surface of the first semi- 
conductor substrate 9. After opening the gate 18 and remov- 
ing the first semiconductor substrate 9, on which a silicon 
nitride film was formed, through the aperture 19 of the 
reaction chamber 2, a second semiconductor substrate 9 was 
introduced into the reaction chamber 2 by the same route as 
above and was placed on the heater 3 to form a silicon nitride 
film. 

[0082] As with the previous film-formation and process- 
ing of the silicon nitride film, the silicon nitride film is 
formed on the second semiconductor substrate 9. In this way, 
the film-formation and processing of the silicon nitride film 
was consecutively performed on 25 substrates. After the 
25th substrate that had completed the film-formation and 
processing was removed from the reaction chamber 2, the 
automatic cleaning sequence was executed that cleans the 
unwanted deposits adhering to the inside of the reaction 
chamber 2. 

[0083] In the cooling step, the temperature of the heater 3 
was lowered to 470° C. Argon gas was furnished to the 
remote plasma discharge chamber 16 at 3 slm from the duct 
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22 to set the pressure in the reaction chamber 2 at 1-1.5 Torr 
by opening the valve 15. After a radiofrequency discharge at 
400 kHz was generated in the remote plasma discharge 
chamber 16, the flow of argon was gradually reduced to 2 
slm, and a gradually increasing amount of NF3 gas was 
injected from the duct 22 till it reached 1 slm. When NF3 gas 
introduced from the duct 22 reached the remote plasma 
discharge chamber 16, a fluorine active species was gener- 
ated. The fluorine active species generated in the remote 
plasma discharge chamber 16 was, with other gas, intro- 
duced into the reaction chamber 2 from the showerhead 4 via 
the valve 15, duct 14 and aperture 32. The unwanted 
deposits adhering to the inside of the reaction chamber 2 
were cleaned by the fluorine active species. 
[0084] The cleaning step by the fluorine active species 
corresponded to the aforementioned cleaning step, and it 
lasted approximately 70 seconds. After the cleaning of the 
reaction chamber 2 was complete, radiofrequency discharge 
in the remote plasma discharge chamber 16 and the supply 
of NF 3 were both suspended. The supply of argon gas from 
the duct 22 was then stopped, the valve 15 was closed, and 
nitrogen gas was provided from the duct 5. Upon this step, 
the heating step was conducted, raising the temperature up 
to 600° C. 

[0085] Conducting the silicon nitride film formation and 
processing in sets of 25 consecutive semiconductor sub- 
strates and then conducting the automatic cleaning sequence 
once, the silicon nitride film formation and processing of 
2,000 semiconductor substrates was conducted. 
[0086] FIG. 3 illustrates the measurement results of the 
thickness of formed silicon nitride films (reproducibility of 
film thickness). Dispersion of the thickness of grown silicon 
nitride films (reproducibility of film thickness) is ±2.1% 
(la=0.92%), which is a good result. 
[0087] FIG. 4 illustrates the distribution lines of the 
thickness of formed silicon nitride films on one semicon- 
ductor substrate 9 (uniformity of film thickness). The dis- 
tribution lines of the thickness are ±2.0% on the average for 
the 2,000 consecutively formed films, which are good and 
stable. 

[0088] FIG. 5 illustrates the measurement results of par- 
ticles on the surface of semiconductor substrates after the 
formation of silicon nitride films. The highest detected 
number of particles is 9 and the average value per semicon- 
ductor substrate is 3.3, which shows that the surface of 
semiconductor substrates is very clean. 
[0089] Other Aspects and Effects 

[0090] The present invention is directed to an automatic 
cleaning method and apparatus therefor that can clean the 
unwanted deposits adhering to the inside of a semiconductor 
substrate process apparatus, and is not limited to a film- 
forming method which forms films on semiconductor sub- 
strates. According to the plasma CVD method, an explana- 
tion is made based on the formation of silicon nitride films. 
However, the invention is not restricted to the formation of 
silicon nitride films, and may be used for the formation of 
inorganic films of SiO, SiON and SiOF, organic films of 
fiuorination hydrocarbon polymer, and CVD films; methyl- 
silane, tetrametylsilane, SiO, or SiC films. 
[0091] Moreover, it is clear that an automatic cleaning 
method in accordance with the invention may be applied to 



US 2005/0139578 Al 



8 



Jun. 30, 2005 



a thermal CVD method which forms a high permitivity film 
such as a W type metallic thin film or Ta 2 0 5 , and may 
effectively be used to clean the inside of the thin film- 
forming and processing apparatus. 

[0092] When cleaning unwanted deposits adhering to the 
inside of the reaction chamber, since the surface temperature 
of the heater supporting the semiconductor substrate is, in an 
embodiment, lowered below 500° C, the adherence of 
aluminum fluoride to the shower head surface can be pre- 
vented. Since there is no adherence of aluminum fluoride to 
the showerhead surface, thin-film forming and processing of 
the semiconductor substrate can be performed with constant 
quality of the films formed. 

[0093] Since aluminum fluoride is not accreted to the 
shower head surface in an embodiment, particles are not 
generated from the accreted aluminum fluoride, and the 
semiconductor substrate can be free of contaminants. Since 
the unwanted deposits adhering to the inside of the reaction 
chamber can be removed by automatic cleaning sequence, 
no particle contamination may be generated on the semi- 
conductor. In addition, since aluminum fluoride is not gen- 
erated, in-operation time of the cleaning apparatus can be 
reduced, which can provide a thin-film formation apparatus 
with high productivity. 

[0094] It will be understood by those of skill in the art that 
numerous and various modifications can be made without 
departing from the spirit of the present invention. Therefore, 
it should be clearly understood that the forms of the present 
invention are illustrative only and are not intended to limit 
the scope of the present invention. 

What is claimed is: 

1. A method of continuously depositing films on sub- 
strates, comprising: 

(i) depositing a film on a substrate placed on an aluminum 
nitride susceptor provided in a reaction chamber by 
CVD using a gas introduced into the reaction chamber 
through a showerhead provided in the reaction cham- 
ber, said susceptor having a temperature of 500-650° 
C; 

(ii) repeating step (i) pre-selected times; 

(iii) reducing the temperature of the susceptor to 470° C. 
or lower for cleaning; 

(iv) contacting the inside of the reaction chamber includ- 
ing the showerhead with fluorine radicals at a pressure 
of 0.5-9 Torr, said showerhead having a temperature of 
100-250° C. which is lower than the temperature of the 
susceptor; 

(v) cleaning the unwanted deposits by the fluorine radi- 
cals, wherein gaseous aluminum fluoride is inhibited 
from being emitted from the susceptor and solidified on 
the showerhead by maintaining the temperature of the 
susceptor at 470° C. or lower; 

(vi) upon completion of the cleaning, raising the tempera- 
ture of the susceptor to 500-650° C. for film formation; 

(vii) repeating steps (i) through (vi) at least 40 times 
without interruption. 



2. The method according to claim 1, wherein the cleaning 
is conducted at a temperature of the susceptor of 450° C. or 

3. The method according to claim 1, wherein the fluorine 
radicals are produced in a plasma discharge region generated 
in the reaction chamber. 

4. The method according to claim 1, wherein the fluorine 
radicals are produced in a remote plasma discharge chamber 
prior to introduction of the cleaning gas into the reaction 
chamber, said remote plasma discharge chamber being dis- 
posed separately from the reaction chamber. 

5. The method according to claim 1, wherein the 
unwanted deposits include at least one of silicon nitride, 
silicon oxide, SiOF, SiC, SiON, or hydrocarbon. 

6. The method according to claim 1, wherein the reaction 
chamber is for plasma CVD or thermal CVD. 

7. The method according to claim 1, wherein steps (iii) 
and (vi) further comprise introducing an inert gas into the 
reaction chamber while reducing and raising the temperature 
of the susceptor. 

8. The method according to claim 1, wherein the tem- 
perature of the susceptor is changed at a rate of 20° C. or less 
per minute in steps (iii) and (vi). 

9. The method according to claim 1, wherein step (vii) is 
conducted without raising a non-uniformity of thickness of 
a film formed in step (a) to more than 3%. 

10. The method according to claim 1, wherein step (vii) 
is conducted at least 80 times without raising a non-unifor- 
mity of thickness of a film formed in step (a) to more than 
3%. 

11. A method for preventing aluminum fluoride from 
depositing on a showerhead during cleaning of a reaction 
chamber, comprising: 

(a) after forming by CVD a film on a substrate on an 
aluminum nitride susceptor having a temperature of 
500-650° C, reducing the temperature of the susceptor 
to 470° C. or lower for cleaning; 

(b) contacting the inside of the reaction chamber includ- 
ing the showerhead with fluorine radicals at a pressure 
of 0.5-9 Torr, said showerhead having a temperature of 
100-250° C. which is lower than the temperature of the 
susceptor; 

(c) cleaning unwanted deposits inside the reaction cham- 
ber by the fluorine radicals while inhibiting generation 
and emission of gaseous aluminum fluoride from the 
susceptor and solidification of the aluminum fluoride 
on the showerhead by maintaining the temperature of 
the susceptor at 470° C. or lower; and 

(d) upon completion of the cleaning, raising the tempera- 
ture of the susceptor to 500-650° C. for film formation. 

12. The method according to claim 11, wherein the 
cleaning is conducted at a temperature of the susceptor of 
450° C. or less 

13. The method according to claim 11, wherein the 
fluorine radicals are produced in a plasma discharge region 
generated in the reaction chamber. 

14. The method according to claim 11, wherein the 
fluorine radicals are produced in a remote plasma discharge 
chamber prior to introduction of the cleaning gas into the 
reaction chamber, said remote plasma discharge chamber 
being disposed separately from the reaction chamber. 
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15. The method according to claim 11, wherein the 
unwanted deposits include at least one of silicon nitride, 
silicon oxide, SiOF, SiC, SiON, or hydrocarbon. 

16. The method according to claim 11, wherein the 
reaction chamber is for plasma CVD or thermal CVD. 

17. The method according to claim 11, wherein steps (a) 
and (d) further comprise introducing an inert gas into the 
reaction chamber while reducing and raising the temperature 
of the susceptor. 

18. The method according to claim 11, wherein the 
temperature of the susceptor is changed at a rate of 20° C. 
or less per minute in steps (a) and (d). 



19. The method according to claim 11, wherein steps (a) 
though (d) are repeated without interruption at least 40 times 
without raising a non-uniformity of thickness of a film 
formed in step (a) to more than 3%. 

20. The method according to claim 11, wherein steps (a) 
though (d) are repealed without interruption at least 80 times 
without raising a non-uniformity of thickness of a film 
formed in step (a) to more than 3%. 

21. The method according to claim 11, wherein the 
susceptor temperature is 550-600° C. in steps (a) and (d). 
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(54) Method and apparatus for cleaning a deposition chamber 



(57) A method for cleaning a deposition chamber 
(10) that is used in fabricating electronic devices includ- 
ing the steps of delivering a precursor gas into a remote 
chamber (46) that is outside the deposition chamber, ac- 
tivating the precursor gas in the remote chamber using 
a microwave generator (48) to form a reactive species, 
flowing the reactive species from the remote chamber 
into the deposition chamber via conduit (57), and using 
the reactive species that i3 flowed into the deposition 
chamber from the remote chamber to clean the inside of 
the deposition chamber. 
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Description 

Plasma assisted chemical reactions have been 
widely used in the semiconductor and flat panel display 
industries. One example is plasma-enhanced chemical 
vapor deposition (PECVD), which is a process that is 
used in the manufacture of thin film transistors (TFT) for 
active-matrix liquid crystal displays (AMLCDs). In ac- 
cordance with PECVD, a substrate is placed in a vacuum 
deposition chamber that is equipped with a pair of par- 
allel plate electrodes. One of the electrodes, e.g. the low- 
er electrode, generally referred to as a susceptor, holds 
the substrate. The other electrode, i.e., the upper elec- 
trode, f unctions as a gas inlet manifold or shower head. 
During deposition, a reaclant gas flow into the chamber 
through the upper electrode and a radio frequency (RF) 
voltage is applied between the electrodes to produce a 
plasma within the reactant gas. The plasma causes the 
reactant gas to decompose and deposit a layer of mate- 
rial onto the surface of the substrate. 

Though such systems are designed to preferentially 
deposit the material cnto the surface of the substrate, 
they also deposit some material onto other interior sur- 
faces within the chamber. Consequently, after repeated 
use, these systems must be cleaned to remove the de- 
posited layer of material that has built up in the chamber. 
To clean the chamber and the exposed components 
within the chamber, an in-eitu dry cleaning process is 
commonly used According to the in-situ technique, pre- 
cursor gases are supplied to the chamber. Then, by lo- 
cally applying a glow discharge plasma to the precursor 
gases within the chamber, reactive species are generat- 
ed. The reactive species clean the chamber surfaces by 
forming volatile compounds with the process deposit on 
those surfaces. 

This m-situ cleaning technique has several disad- 
vantages. First, it is inefficient to use a plasma within the 
chamber to generate the reactive species. Thus, it is nec- 
essary to use relatively high powers to achieve an ac- 
ceptable cleaning rate. The high power levels, however, 
tend to produce damage to the hardware inside of the 
chamber thereby significantly shortening its useful life. 
Since the replacement of the damaged hardware can be 
quite costly, this can significantly increase up the per 
substrate cost of product that is processed using the dep- 
osition system. In the current, highly competitive semi- 
conductorfabrication industry where per substrate costs 
are critical to the cost conscious purchasers, the fn- 
creased operating costs resulting from having to period- 
ically replace parts that are damaged during the cleaning 
process is very undesirable. 

Another problem with the conventional in-situ dry 
cleaning processes is that the high power levels that are 
required to achieve acceptable cleaning rates also tend 
to generate residues orbyproducts that can damage oth- 
er system components or which cannot be removed ex- 
cept by physically wiping off the internal surfaces of the 
chamber. For example, in a Si 3 N 4 deposition system 



which uses NF 3 for cleaning, N x H y F z compounds tend 
to be generated. These ammonium compounds deposit 
in the vacuum pump where they can negatively affectthe 
reliability of the pump. Ab another example, in a depoei- 

s tion system in which the chamber or the process tat com- 
ponents (e.g. heater, shower head, clamping rings, etc.) 
are made of aluminum, an NF 3 plasma is often used to 
clean the interior surfaces. During the cleaning process, 
a certain amount of A^ is formed. The amount that is 

io formed is grealty increased by the ion bombardment that 
results from the high plasma energy levels. Thus, a con- 
siderable amount of A^Fy can be formed In the system. 
Unfortunately, this material cannot be etched away by 
any known chemical process, so ft must be removed by 

'5 physically wiping the surfaces. 

In accordance with the present invention, a remote 
excitation source is used outside of the process chamber 
to generate a reactive species which Is then supplied to 
the process chamber to assist in carrying out a particular 

20 process, e.g. dry cleaning the chamber. In the case of 
the dry cleaning process, the remote excitation source 
breaks down the feed gae (e.g. a compound of chforine 
or fluorine) to form a long lived halogen speciesi<sec- 
ond local excitation source may then optionally tfe used 

ss inside the chamber to sustain the long lived species 
and/br to further breakdown the gas to form the reactive 
species. Since the remote excitation source is relied 
upon to generate the reactive species, the local excita- 
tion source may be operated at much lower power levels 

30 than are required in a conventional systems. Thus, by 
moving the excitation source outside of the chamber, 
high plasma power levels are no longer needed inside 
the chamber to achieve acceptable cleaning rates. In- 
deed, in some cases it may not even be necessary to 

ss use any local excitation source (e.g. plasma) within the 



In general, in one aspect, the invention is a method 
for cleaning a deposition chamber that is used in fabri- 
cating electronic devices. The method includes the fol- 

40 (owing eteps: delivering a precursor gae into a remote 
chamber that is separate from the deposition chamber; 
activating the precursor gas in the remote chamber to 
form a reactive species; flowing the reactive species 
from the remote chamber into the deposition chamber; 

45 andusingthe reactfvespeciesthatisflowedintothedep- 
osition chamber from the remote chamber to clean the 
inside of the deposition chamber. 

In general, in another aspect, the invention is a 
method of performing a process to fabricate electronic 

so devices within a process chamber. The method includes 
the steps of: delivering a precursor gas into a remote 
chamber that is separate from the process chamber; ac- 
tivating the precursor gas in the remote chamberto form 
a reactive species; flowing the reactive species from the 

55 remote chamber into the process chamber; using a local 
activation source to further excite the reactive species 
that has been flowed into the process chamber from the 
remote chamber; and using the reactive species that has 
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been further excited by the local activation source in per- 
forming the fabrication process in the process chamber. 

In general, in yet another aspect, the invention is a 
deposition apparatus that can be connected to a source 
of precursor gas for cleaning. The apparatus includes a 
deposition chamber, a first activation source adapted to 
deliver energy into the deposition chamber, a remote 
chamber that is separate from the deposition chamber, 
a second activation source separate from the first acti- 
vation source and adapted to deliver energy into the re- 
mote chamber, a first conduit for f lowing a precursor gas 
from a remote gas suppfy Into the remote chamber where 
it is activated by the second activation source to form a 
reactive species, and a second conduit for flowing the 
reactive species from the remote chamber into the dep- 
osition chamber. 

Technically, the remote plasma is used to generate 
reactive species. To help solve the problem of quenching 
of the reactive species while its flowing to the chamber 
a mild plasma may be applied in the process chamber 
to assist the cleaning. The use of the combined plasma 
sources achieves a better cleaning rate than would be 
associated with using either a local or a remote plasma 
alone. In addition, because of the Invention permits the 
use of a low energy plasma (or even no plasma) within 
the deposition chamber, much less damage is done to 
the internal chamber components as a result of the 
cleaning process and there is much less formation of par- 
ticulates and undesirable byproducts, such as A^F the 
disadvantages of which were described above, in addi- 
tion, in embodiments which use both remote and local 
excitation sources, each source can be independently 
adjusted to achieve optimum results. Moreover, in the 
case that a focal plasma is not available in the system, 
some other activation techniques may be applied (such 
as thermal excitation). 

Afurther advantage of the invention is that unwanted 
byproducts that are formed when activating the reactive 
species can easily be filtered out before the reactive spe- 
cies enters the deposition chamber. In addition, use of 
the local source to sustain the activated species lessens 
the restrictions that might exist on the placement of the 
remote activation chamber. That is, the remote activation 
chamber can be placed conveniently, even at further dis- 
tances from the deposition chamber, with less concern 
about quenching of the activated species as it is being 
transferred from the remote chamber to the deposition 
chamber. This means that it will be relatively easy to ret- 
rofit existing systems with this capability. 

Using the combination of remote and local excitation 
sources has the further advantage that it can be applied 
to a wide variety of applications and systems with similar 
benefits. For example, it can also be used in PVD and 
CVD systems, plasma etching systems, and systems for 
cleaning substrates, ion doping, and stripping of photore- 
sist. 

Other advantages and features will become appar- 
ent from the following description of the preferred em- 
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bodiment and from the claims. 

Fig. 1 shows a block diagram of a PECVD system 
which embodies the invention. 

In the described embodiment, we used a model 

s AKT-1600 PECVD System manufactured by Applied Ko- 
matsu Technology, modified as described herein. The 
AKT-1600 PECVD is designed for use in the production 
of active-matrix liquid crystal displays (AMLCDs). It is a 
modular system with multiple process chambers which 

10 can be used for depositing amorphous silicon, silicon ni- 
tride, silicon oxide and oxynitride films. The invention, 
however, may be used with any commercially available 
deposition system. 

Referring to Fig. 1, the PECVD system modified in 

is accordance with invention includes a deposition cham- 
ber 10 inside of which is a gas inlet manifold (or shower 
head) 1 2 for introducing deposition gases and a suscep- 
tor 14 for holding a substrate 16 onto which material Is 
to be deposited. The inlet manifold 1 2 and the susceptor 

a> 14, which are both inlhe form of parallel plates, alsofunc- 
tion as upper and lower electrodes, respectively. The 
lower electrode and the chamber body are connected to 
ground. An RF generator 38 supplies F)F power to the 
upper electrode through a matching network 40. The RF 

2s generator 33 is used to generate a plasma between the 
upper and lower electrodes. 

The susceptor 14 includes a resistive heater 1f3 for 
heating the substrate during deposition. An external 
heater control module 20 powers the heaters to achieve 

30 and maintain the susceptor at an appropriate tempera- 
ture levelas dictated by the process being run in the sys- 
tem. 

The susceptor is attached to the top ot a movable 
shaft 22 that extends vertically through the bottom of the 

as chamber. Amotorized lift mechanism 24 movesthe shaft 
in a vertical direction so as to raise the susceptor into 
position near the inlet manifold for a deposition run and 
to tower the susceptor after completing the deposition 
run. The separation between the upper and lower elec- 

*» trodes is adjustable to maximize reaction kinetics and 
film characteristics for the particular deposition process 
that Is being performed. Below the susceptor there Is a 
lift-off plate 26 with a set of vertical pins 28. The pins 28 
are aligned with corresponding holes 30 in the susceptor 

45 14. When the susceptor is towered after a processing 
run, the pins pass through the holes, contact the back 
side of the substrate, and lift the substrate off ot the sus- 
ceptor so that it can be more easily removed from the 
chamber by a mechanical transfer mechanism (not 

50 shown). 

Outside of chamber 10, there isa gas supply 32 con- 
taining the gases that are used during deposition. The 
particular gases that are used depend upon the materials 
aretobedaposited onto the substrate. The process gas- 
» es flow through an inlet port into the gas manifold and 
then into the chamberthrough the showerhead. An elec- 
tronically operated valve and flow control mechanism 34 
controls the flow of gases from the gas supply into the 
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chamber. Also connected tolhe chamberthrough an out- 
let port is a vacuum pump 36, which is used to evacuate 
the chamber. 

In accordance with the invention, a second gas sup- 
ply system is also connected to the chamber through in- 
let port 33. The second gas supply system supplies gas 
that is used to clean the inside ol the chamber after a 
sequence ot deposition runs. By cleaning, we mean re- 
moving deposited material from the interior surfaces of 
the chamber. 

The second gas supply system includes a source of 
a precursor gas 44, a remote activation chamber 46 
which is located outside and at a distance from the dep- 
osition chamber, a power source 48 for activating the 
precursor gas within the remote activation chamber, an 
electronically operated valve and flow control mecha- 
nism 50, and a statinless steel conduit or pipe 57 con- 
necting the remote chamber to the deposition chamber. 
The valve and flow control mechanism 50 delivers gas 
from the source of precursor gas 44 into the remote ac- 
tivation chamber 46 at a user-selected flow rate. The 
power source 48 activates the praeureor gas to form a 
reactive species which is then flowed through the conduit 
57 into the deposition chamber via inlet port 33. In other 
words, the upper electrode or shower head 1 2 is used to 
deliver the reactive gas into the deposition chamber. In 
the described embodiment, the remote chamber is a 
quartz tube and the power source is a 2.54 GHz micro- 
wave generator with its output aimed at the quartz tube. 

Optionally, there may also be a source of a minor 
carrier gas 52 that is connected to the remote activation 
chamber through another valve and flow control mech- 
anism 53. The minor carrier gas aids in the transport of 
the activated species to the deposition chamber. It can 
be any appropriate nonreactive gas that is compatible 
with the particular cleaning process with which ft Is being 
used. For example, the minor carrier gas may be argon, 
nitrogen, helium, hydrogen, or oxygen, etc. In addition to 
aiding in the transport of activated species to the depo- 
sition chamber, the carrier gas may also assist in the 
cleaning process or help initiate and/or stabilize the plas- 
ma in the deposition chamber. 

In the described embodiment, there is a filler 56 in 
the conduit or pipe through which the activated species 
passes before entering the deposition chamber. The fil- 
ter removes particulate matter that might have been 
formed during the activation of the reactive species, in 
the described embodiment, th e filter Is a made of ceramic 
material having a poresize of about 0.01 to 0.03 microns. 
Of course, other materials can alsobe used, for example, 
teflon. 

It should be noted that the filter can also be used to 
remove unwanted materials that might have been pro- 
duced as byproducts of the reaction within the remote 
chamber. For example, if the reactive gas is CF 4 or SF 6 
or some other halogen compound containing either car- 
bon or sulfur, an activated carbon or sulfur species will 
be present as a byproduct of the activation process. It is 



generally desired, however, that carbon and sullur not 
be present in the deposition chamber. This is why these 
compounds are generally not used in conventional dry 
cleaning process where the activation occure entirely 

s within the deposition chamber. However, when the acti- 
vation Is performed remotely, as described herein, the'se 
materials can be easily removed by using an appropriate 
filter material. Such filter materials are readily available 
in the commercial market and are well know to persons 

w of ordinary skill in the art. 

In the described embodiment, the precursor is NF 3 . 
The flow rate of activated species is about 2 liters per 
mmutp qqc* the c! amber pressure is dtojt 0 5 Terr To 
pc\tva>, tfh rwuisu gio re mx , jwa\ a so kco deli/ 

if ors about 00 500 Watts ti the act ,t ..chamber. " 
Within the depositio chambo th. Fi r-urcos supplies 
ebcirt 10!) 200 Walls to the plasma' Foi (no AKT-1600 
PECVO systemthls implies a voltage between the upper 
and lower electrodes of about 15-20 volts. Of course, the 

20 precise voltage and current are pressure dependent, Le„ 
the current is proportional to the pressure given a fixed 
voltage. In any event, it is only necessary to induce a 
gentle plasma within the chamber, which only need be 
strong enough to sustain the activated species that has 

?5 been flowed into the chamber from the remote source. 
By using NF 3 as the feed gas, we have been able to 
clean chambers that have been deposited with silicon 
(Si), dopad silicon, silicon nitride (Si 3 N 4 ) and silicon ox- 
i H « (GkV Tnd cleaning rate lo 

so reached 2 mlcio 

cron/minute for silicon, doped silicon, and silicon oxide. 
• These cleaning rates are two to lour time taster tha l the 
conv i it on il do mil in process which employs only a lo- 
cal p!dST.d with a power level of about 2 kilowatts at 

Though a microwave generator was used in the de- 
scribed embodiment to activate the precursor gas, any 
power source that is capable of activating the precursor 
gas can be used. For example, both the remote and local 

«> plasmas can employ DC, radio frequency (RF), and mi- 
crowave (MW) based discharge techniques. In addition, 
it an RF power source is used, it can be either capaci- 
tivety or inductively coupled to frie inside of the chamber. 
The activation can also be performed by a thermally 

« based, gas break-down technique; a high intensity light 
source; or an X-ray source, to name just a few. 

In general, the reactive gases may be selected from 
a wide range of options, including the commonly used 
halogens and halogen compounds. For example, the re- 

so activegas may be chlorine, fluorine or compoundsthere- 
of, e.g. NF g , CF 4 , SF 6 . C 2 F 6 . CCI,,, CaClj. Of course, the 
particular gas that is used depends on the deposited ma- 
terial which is being removed. For example, in atungsten 
deposition system a fluorine compound gas is typically 

55 used to etch and/or remove clean the deposited tung- 
sten. 

Because of the use of a local plasma in conjunction 
with the remote plasma, the remote activation chamber 
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can be placed farther away from the chamber. Thus, only 
tubing is needed to connect the two remote source to the 
local source. Some quenching of the activated species 
(i.e., deactivation of the activated species) may occur 
during the transfer. However, the local source compen- 
sates for any such quenching that may occur. In fact, 
some long lived activated species {e.g. P) typically do 
not return to the ground state when quenched but rather 
theytransition to an intermediate state. Thus, theamount 
of energy that is required to reactivate the quenched spe- 
cies is much less than is required to activate the gas in 
the remote activation chamber. Consequently, the local 
activation source (e.g. plasma) need not be a high ener- 
gy source. 

It should also be noted that by placing the remote 
source at a distance from the deposition chambar, the 
short lived radicals that are produced during the activa- 
tion process will be quenched more completely than the 
long lived radicals as both are transferred to the deposi- 
tion chamber. Thus, the reactive gas that flows into the 
deposition chamber will contain primarily the long lived 
radicals that have survived the transfer. For example, if 
NF 3 is the reactive gas, two radicals are produced in the 
remote activation chamber, namely, N* and F*. The ni- 
trogen radical is short lived and the fluorine radical is long 
lived. The nitrogen radical will typically not survive a long 
transfer from the remote chamber to the deposition 
chamber; whereas, a large percentage of the fluorine 
radicals will survive. This is a form of natural filtering that 
occurs In the system that may be very desirable. In the 
case o! nitrogen radicals, for example, it is sometimes 
preferable that they not be present in the deposition 
chamber because their presence may result in the for- 
mation of N x HyF z compounds, which, as previously de- 
scribed, can harm the pump. When the activation is per- 
formed in the deposition chamber, however, as In the 
case of conventional cleaning techniques, there is no 
easy way to eliminate the nitrogen radicals that are pro- 
duced. 

In the dry cleaning process, chamber pressure can 
be selected to lie anywhere within a fairly broad range of 
values without significantly affecting performance. The 
preferred pressure range is from about 0.1 to about 2 
Tonr, although pressures outside of that range can also 
be used. In addition, the frequencies that ware chosen 
for the described embodiment were merely illustrative 
and the frequencies that may be used in the invention 
are not restricted to those used in the described embod- 
iment. For example, with regard to the FtF power source, 
any of a wide range of frequencies (e.g. 400 kHz to 1 3.56 
MHz) are typically used to generate plasmas and those 
frequencies may also be used in the invention. In gener- 
al, however, it should be understood that the power lev- 
els, flow rates, and pressures that are chosen are system 
specific and thus they will need to be optimized for the 
particular system in which the process is being rua Mak- 
ing the appropriate adjustments in process conditions to 
achieve optimum of performance for a particular system 



is well within the capabilities of a person of ordinary skill 
in the art 

Although the described embodiment involved a 
PECVD6ystem, the invention has far wider applicability. 

5 For example, the concept of a remote activation source 
(i.e., outside the main vacuum chamber), possibly used 
in conjunction with a local activation source (i.e., inside 
the main vacuum chamber) can be used in systems de- 
signed for any of the following purposes: PVD, CVD, ion 

io doping, photoresistetripping, substrate cleaning, plasma 
etching. 

Other embodiments are within the following claims. 



IS Claims 

1. A method for cleaning a deposition chamber that is 
used In fabricating electronic devices, said method 
comprising: 

20 delivering a precursor gas into a remote cham- 

ber that is outside of the deposition chamber; 

activating the precursor ga6 in the remote 
chamber to form a reactive species; 

flowing the reactive species from the remote 
25 chamber into the deposition chamber; and 

using Ihe reactive species that is flowed into 
thB deposition chamber from the remote chamber to 
clean the inside of the deposition chamber. 

30 2. The method ol claim! wherein the step of activating 
the precursor gas is performed by using a remote 
energy source. 

3. The method of claim 1 further comprising using a 
3s local energy source to further excite the reactive 

species that has been (lowed Into the deposition 
chamber from the remote chamber. 

4. The method of claim 3 wherein the precursor gas is 
40 selected from the group of gases consisting of all 

halogens and gaseous compounds thereof. 

5. The melhod of claim 4 wherein the precursor gas is 
selected from the group of gases consisting of chlo- 

45 rine, fluorine, and gaseous compounds thereof. 

6. The method of claim 2 wherein the remote energy 
source Is a microwave energy source. 

so 7. The method of claim 6 wherein the precursor gas is 
selected from the group of gases consisting of all 
halogens and gaseous compounds thereof. 

8. The method of claim 7 wherein the precursor gas Is 
» selected from the group of gases consisting of chlo- 
rine, fluorine, and compounds thereoi. 

9. The method of claim 2 wherein the local energy 
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source is an RF energy source for generating a 
plasma within the deposition chamber. 

1 0. The method of claim 2 further comprising filtering the 
reactive species before it enters the deposition s 
chamber to remove unwanted materials. 

11. The method of claim 2 further comprising flowing a 
carrier gas into the remote activation chamber. 

12. The method of claim 11 wherein the carrier gas is 
selected from the group of gases consisting of nitro- 
gen, argon, helium, hydrogen, and oxygen. 

1 3. A method of performing a process to fabricate elec- 15 
tronic devices within a process chamber, said 
method comprising: 

delivering a precursor gas Into a remote cham- 
ber that is outside of the process chamber, 

activating the precursor gas in the remote 20 
chamber and to thereby form a reactive species; 

flowing the reactive species from the remote 
chamber into the process chamber; 

using a local activation source to further excite 
the reactive species that has been flowed into the 2s 
process chamber from the remote chamber, and 

using the reactive species that has been fur- 
ther excited by the local activation source in perform- 
ing the fabrication process in the process chamber. 

30 

14. The method of claim 13 wherein the step of activat- 
ing the precursor gas is performed by using a remote 
energy source. 

1 5. The method of claim 1 3 wherein the precursor gas 3S 
is selected from a group of gases consisting of hal- 
ogen gases and compounds thereof. 

16. The method of claim 15 wherein the precursor gas 

is selected from a group of gases consisting of chlo- <o 
rine, fluorine, and compounds thereof. 

17. The method of claim 14 wherein the remote energy 
source is a microwave energy source. 

45 

18. The method of claim 17 wherein the precursor gas 
is selected from a group of gases consisting of hal- 
ogen gases and compounds thereof. 

19. The method of claim 18 wherein the precursor gas so 
is selected from a group of gases consisting of chlo- 
rine, fluorine, and compounds thereof. 

20. The method of claim 13 wherein the local energy 
source is an RF energy source for generating a 55 
plasma within the process chamber. 



the reactive species before it enters the deposition 
chamber to remove unwanted materials. 

22. The method of claim 13 further comprising flowing 
a carrier gas into the remote activation chamber. 

23. The method of claim 22 wherein the carrier gas is 
selected from a group of gases consisting of nitro- 
gen, argon, helium, hydrogen, and oxygen. 

24. A deposition apparatus that can be connected to a 
source of precursor gas for cleaning, said apparatus 
comprising: 

a deposition chamber; 

a first activation source adapled to deliver 
energy into said deposition chamber; 

a remote chamber that is outside of said dep- 
osition chamber, 

a second activation source separate from said 
first activation source and adapted to deliver energy 
into said remote chamber: 

a first conduit for flowing a precursor gae from 
a remote gas supply into the remote chamber where 
it Is activated by said second activation source to 
form a reactive species; and 

a second conduit for flowing the reactive spe- 
cies from the remote chamber into the deposition 
chamber. 

25. The apparatus of claim 24 further comprising a valve 
and flow control mechanism which controls the flow 
of precursor gas into the remote chamber. 

26. The apparatus of claim 25 further comprising a valve 
and flow control mechanism which controls the flow 
of a carrier gas that Is different from the precursor 
gas into the remote chamber. 

27. The deposition apparatus of claim 25 further com- 
prising a filter in the second conduit to remove 
unwanted materials out of the fbw of reactive spe- 
cies from the remote chamber. 



21 . The melhod of claim 1 3 further comprising filtering 
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Dear Sir: 

I, Kiyoshi Satoh, do hereby declare and say as follows: 

1. lam currently employed as a manager of a technical support group in the department 
of Customer Service at ASM Japan K.K. I joined ASM Japan K.K. in 1991 as a member of the 
Research and Development group. Over the last 16 years, I have worked in various capacities as 
a research and development engineer, project manager, and most recently as a manager of the 
technical support group in the customer service department. In particular, my work has focused 
on the development of plasma CVD deposition processes and apparatus. I am an inventor on 
various patents in the field of semiconductor fabrication, including the following U.S. patents: 
6,193,803, 6,120,605, 6,767,836, 6,235,112, 6,113,704, 6,435,798, 6,736,147, 6,761,771, 
6,919,270, 6,991,959, and 6,815,332. I am also listed as an inventor on the present patent 
Application. Prior to my work in the semiconductor industry, I earned a bachelor's degree in 
chemistry at Kumamoto University. 
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2. I have read and understand the claims in the present patent application. I understand 
that the claims concern a CVD device involving a deposition reaction chamber, a plasma 
discharge chamber that is remote from the reaction chamber, a piping between the two, and a 
valve in the piping, as well as other elements. Additionally, the valve, when fully opened, allows 
for a pressure drop across the valve of less than about 0.25 Tort, has a valve opening that is 
substantially as wide as the inner surface of the piping, and/or has a valve body that does not 
have projections with respect to the inner surface of the piping. 

3. I have read and understand the rejections in the Final Office Action dated November 
16, 2006. I understand that the Examiner has asserted that U.S. Pat. Nos. 5,812,403 and 
5,939,831 to Fong et al. teach a valve that, when fully opened, has an opening that is sized 
substantially equal in width to the inner surface of the piping and does not have projections with 
respect to the inner surface of the piping. In particular, the Examiner's cited support for such a 
teaching is allegedly found in Figures 3 and 6a of each of the Fong et al. patents. 

4. After having read both U.S. Pat. Nos. 5,812,403 and 5,939,831, it is my considered 
opinion that these patents do not teach the relevant valve, as presently claimed and described 
above in paragraph 2. I understand the cited sections in Fong et al. (Figures 3 and 6a) to merely 
demonstrate a schematic of the concept of a gate valve and not the particularly recited valve. 
Figure 3 merely represents the valve as a block 280 with a fluid passage 293 passing through it. 
There is no disclosure of the actual valve body or how it is involved. Thus, there is no disclosure 
regarding the possible position of the valve body when the valve is fully opened. Figure 6a 
represents the valve 280 as a block with a passageway. There is no depiction of the actual valve 
body. Thus, while Figures 3 and 6a do depict a valve 280 in a passageway, there is no actual 
teaching that the valve is configured so that, when hilly opened, the opening through the valve is 
substantially equal in width to an inner surface of the piping and/or the valve does not have 
projections with respect to the inner surface of the piping. 

5. There is nothing in the detailed descriptions of the two Fong et al. patents that alters 
my above analysis of Figures 3 and 6a. Thus, the Fong et al. patents do not teach a valve with 
the recited characteristics of a particular maximum pressure drop or a valve body that does not 
have projections with respect to the inner surface of the piping. 

6. It is my opinion that one of skill in the art, after reviewing the Fong et al. patents, 
would conclude that, in some embodiments of the disclosed device in Fong et al. a valve can be 
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used. However, they would not conclude that Fong et al. teaches or suggests a valve with the 
characteristics described in paragraph 2 of this Declaration. 

7. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. [ declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Respectfully submitted, 




By: 




Kiyoshi Satoh 
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